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INTRODUCTION
Wat
er
use
s a
nd
rel
ate
d w
ate
r q
ual
ity
pro
ble
ms
are
det
erm
ine
d b
y n
atu
ral
cond
itio
ns a
nd h
ow t
hey
have
been
alte
red
by t
he e
cono
mic
acti
viti
es o
f ma
n.
Natu
ral
cond
itio
ns
incl
ude
the
natu
ral
stre
amfl
ows
of s
urfa
ce s
trea
ms w
hich
supp
ly w
ater
to t
he l
ake;
the
main
wate
r bo
dy o
f th
e la
ke;
clim
ate
whic
h de
ter-
mines the amount and form of precipitation; and geology, hydrogeology, and physio—
grap
hy w
hich
dete
rmin
e th
e ty
pes
of s
oils
, t
heir
abil
ity
to p
rodu
ce f
ood
and
fibr
e,
sus
cep
tib
ili
ty
to
ero
sio
n,
and
the
amo
unt
and
qua
lit
y o
f g
rou
nd
wat
er.
The
se
nat
ura
l c
ond
iti
ons
are
the
n a
lte
red
by
eco
nom
ic
and
lan
d u
se
act
ivi
tie
s
such
as a
gric
ultu
re,
indu
stry
, ur
bani
zed
area
s,
and
fore
stry
. T
hese
uses
gen
era
te
pol
lut
ant
loa
ds,
cre
ate
a d
ema
nd
for
pub
lic
and
ind
ust
ria
l w
ate
r s
upp
lie
s,
wate
r—bo
rne
comm
erce
, wa
ter-
orie
nted
recr
eati
on,
and
fish
erie
s.
Wate
r qu
alit
y
management is concerned with minimizing the impact of economic and land use
activities on water quality and with maintaining water quality that will support
the water uses demanded. '
The
purp
ose
of t
he U
pper
Lake
s Re
fere
nce
stud
y is
to a
sses
s th
e im
pact
that
this economic activity has had on Lake Huron and Lake Superior and to provide
information for future water quality management. Vblume III summarizes the rESU1tS
of many individual projectreports on Lake Superior and provides the basis for
discussion, conclusions, and recommendations provided in Volume I. Lake Superior
‘and its drainage basin are shown in Figure 1—1.
PHYSICAL FEATURES
CLIMATE
Lake
Supe
rior
is l
ocat
ed n
ear
the
cont
inen
tal
cent
re o
f No
rth
Amer
ica
at t
he
conve
rgenc
e of
diver
se ai
r mas
ses
from
the A
rctic
Ocean
, Pa
cific
Ocean
, Gu
lf of
Mexic
o, a
nd th
e Atl
antic
Ocean
. T
heir
acces
s to
the b
asin
is re
lativ
ely
unobé
truc—
ted,
resul
ting
in a
clima
te ch
aract
erize
d by
four
disti
nct
seaso
nal p
atter
ns an
d
extremes of weather throughout the year. During the summer, Pacific air masses
predominate 40% of the time. It is during these occurrences that extremely
high temperatures may be recorded; on one such occasion an extreme of 42°C was
measured (1). Occasional periods of uncomfortably hot, humid, tropical weather
are caused by air masses which originate over the Gulf of Mexico. Stations north
of the lake have fewer than four months with mean temperatures above 10°C. In
winter, mean daily temperatures below freezing may last for six months in the
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nor
the
rn
par
t o
f t
he
bas
in.
Ext
rem
e l
ows
of
—52
°C
hav
e b
een
rec
ord
ed
dur
ing
spell
s of
cold
Arcti
c air
. P
acifi
c air
masse
s en
ter
the b
asin
from
the w
est
as
cool
, d
ry a
ir o
r fr
om t
he s
outh
as c
ool,
mois
t ai
r.
In a
ddit
ion
to t
hese
larg
e
air mass patterns, cyclonic storms, which originate over western North America
and the Pacific.0cean, frequently pass through the basin. Spring and autumn are
periods of transition. An average of five or six stormsa month produces
changeable weather as frontal systems move rapidly, bringing considerable cloud
cover and frequent, widespread rain. Between storms, warm sunny days and crisp,
cool nights make these pleasant times of the year.
‘ Due to its immense size, Lake Superior dominates the climate around it. With
its large volume, the lake acts as a vast reservoir for the storage of heat
ener
gy a
nd i
ts s
ubse
quen
t ex
chan
ge w
ith
the
atmo
sphe
re.
The
lacu
stri
ne e
ffec
ts
are manifested in a number of ways, including moderation of temperature, augmen—
tation or suppression of precipitation, formation of fog, and increased wind
strength. Precipitation on the water surface of the lake provides a direct
contr
ibuti
on to
water
suppl
y and
affec
ts l
ake
level
s imm
ediat
ely.
Annua
l pre
cip—
itati
on o
n the
lake
surfa
ce av
erage
s ab
out
79.5
cm.
Evapo
ratio
n has
an im
porta
nt
effect on the availability of water and on the heat budget since it is a cooling
proce
ss.
Avera
ge e
vapor
ation
is ab
out
45.7
cm to
53.3
cm, d
epend
ing
on at
mosph
eric
cond
itio
ns
(Fig
ure
1-2)
. T
he w
ind
can
tran
spor
t po
llut
ants
orig
inat
ing
inla
nd o
ut
over
the l
ake.
These
pollu
tants
then
may
enter
the l
ake b
y di
ffusi
on,
gravi
ta-
tion
al s
ettl
ing,
or a
s di
ssol
ved
and
susp
ende
d ma
teri
al i
n pr
ecip
itat
ion.
The
preva
iling
winds
deter
mine
wheth
er a
ir-bo
rne
pollu
tants
will
be ca
rried
over
the
lake (Figure 1—3).
HYDROLOGY
Lake Superior is the largest and uppermost of the Great Lakes, with a volume
at low water datum of 11,920 km3 and a water surface area of 82,103 km2 (2). It
has a maximum depth of 406 m and a mean depth of 145 m. The States of Minnesota,
Wisconsin,and Michigan and the Province of Ontario border on Lake Superior, and
contain a total land drainage area of 127,687 kmz. The total shoreline length,
including islands, is 4,388 km, about 54 Z of which is in Canada. The
long-term average annual precipitation over the Lake Superior drainage basin for
the period 1900-1972was75.2 cm (2). More than half, 39.4 cm, of the annual
precipitation over the land portion of the basin is lost by evaporation and
evapotranspiration. Over the lake surface an estimated 45.7 cm to 53.3 cm of
annual precipitation is lost to evaporation.
The
stre
ams
that
drai
n in
to L
ake
Supe
rior
cons
ist
of a
larg
e nu
mber
of s
mall
tribu
tarie
s whi
ch d
rain
small
areas
. T
he se
asona
l di
strib
ution
of ru
noff
is in
flu—
enced
by s
eason
al p
atter
ns of
preci
pitat
ion a
nd ba
sin s
torag
e and
losse
s.
High
runoff usually occurs in May when the snow melts and evaporation is low. Some
streams experience low flow in January or February during winter freezeup. Low run—
off may also occur in August through Octoberdue to increased loss by evaporation.
Runoff in some streams is influenced by pumped mine drainage and storage
reservoirs for hydroelectric projects. Lake Superior discharges through the
St. Marys River into Lake Huron. Since the completion of the gated dam at the
head of the St. Marys Rapids in 1921, the outflow from Lake Superior has been
completely controlled. The mean annual outflow for the period 1900-1972 was
2,100 m3/s, and the mean annual elevation was 183.04m, International Great
Lakes Datum.
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WATER
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FOR
THE
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Outflows
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that
supplies
to
the
lakes
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i.e.,
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condition
of
no
change
in
lake
storage.
Values
are
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GEOLOGY, HYDROGEOLOGY, AND PHYSIOGRAPHY
GEOLOGY
The geological history of the Upper Great Lakes Basin has been shaped by
the formation of two main types of rock, the Canadian Shield rocks and the
Phanerozoic rocks (3). Geologists have subdivided the Canadian Shield into
three structural provinces, the Grenville, Superior,and Southern. Only the
Superior and Southern Provinces are found in the basin. The present eroded
remnants of the Phanerozoic sequence are shown on Figure 1—4. In the Lake
Superior Basin, these remnants consist mainly of the Cambrian and Ordovician
rocks of northern Michigan and a small portion of Minnesota's Cretaceous rocks
which occur as iron ore conglomerate, shale,and sandstone.
HYDROGEOLOGY
The rocks comprising the Canadian Shield are considered to be part of one
hydrogeologic unit and are generally classified as poor aquifers, the water
mainly occurring in joints and fractures and along fault and cleavage planes (3).
Water in contact with granites and gneisses will contain significant amounts of
silicate and alkalis and the ground water is then predominantly alkaline,
generally having a high pH value. water from other igneous rocks is similar to
water from granites but is generally richer in silicate and alkaline materials.
Phanerozoic rocks tend to be better aquifers than the Canadian Shield rocks
which are harder, denser,and more compact as a result of their longer history.
Due to the low primary porosity of the Canadian Shield rocks, ground water
production is usually obtained from bedrock where weathering and fracturing has
occurred. Water from carbonate terrains is often very
hardand highly mineral-
ized.
Salinity and high iron content are localized when they occur.
Saline
water is frequently encountered at shallow penetrations of shale.
The Phanero—
zoic aquifers have oil, gas,and salt brine below their fresh water zones.
The
surficial geology of the Lake Superior Basin is shown on Figure 1-5.
TOPOGRAPHY
The U. S. Lake Superior Basin is characterized by its rugged
uplandsand a
rock escarpment bordering parts of the lake shore.
A maximum altitude of 702 m
occurs at Eagle Mountain near Grand Marais, Minnesota,
but 430 to 610 m
altitudes are common in much of the area (4).
The approximate mean elevation
of Lake Superior is 184 m.
In Minnesota, an upland glacial-lake plain is drained
by the St. Louis River.
Other glacial-lake lowlands cover much of the Wisconsin
part of the basin and parts of the eastern end of the basin.
The topography of
the Canadian Basin varies generally in proportion to the distance inland from
the lake shoreline (5).
Within 32 km
of the shoreline the topography is generally
characterized by strongly broken relief.
Patches of strongly broken relief are
also found in the Lake Nipigon area.
The inland areas vary from moderately
broken to weakly
brokenand flat topography,
particularly toward the northern
limits of the basin.
SOILS
The U.
S.
Lake
Superior
Basin
contains
a number
of different
soil
types
(6).
In
the
area
lying
west
and
northwest
from
Duluth,
the
upper
St.
Louis
River
basin,
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the soils include extensive areas of peat and muck which are poorly drained
and acid. Northeast of Duluth, the Superior Slope section, the soils include
Well drained sandy loams, sandy clay,and sandy clay loam tills. South and
east of Duluth to the northern part of Ashland County, Wisconsin is the "red
clay area," which contains red—brown clays and silty clays. The northwestern
part of the Upper Peninsula of Michigan consists of poorly drained soils
developed in calcareous clay loam till and laucustrine silts and clays. The
northeastern part of the Upper Peninsula consists largely of sandy soils.
The surficial geology of the Canadian Lake Superior Basin is characterized
by extensiveground moraine of silty to sandy till texture (7). This ground
moraine is interrupted by a several-kilometre-wide coastal zone of bare bedrock
eroded by lake action which extends north from Sault Ste. Marie to Nipigon Bay.
The coastal area between NipigonBay and the U. S. border south of Thunder Bay
consists of ground moraine interrupted by several large lacustrine deposits
of varved or massive clay and silt, Farther inland, patches of bare bedrock
are located to the north of Lake Nipigon and in the basin area to the northeast
of Marathon, Ontario. Lacustrine deposits of clay and sand are also found in
the area northeast of Marathon and along the north shoreline of Lake Nipigon.
Areas of sandy deposits are found to the west and southwest of Lake Nipigon.
VEGETATION
The vegetative cover of the U. S. Lake Superior Basin is predominantly a
northern spruce-fir forest (4). Bogs and the associated plant species are
common as are aspen stands. Wetlands in the basin, with the exception of the
St. Louis River areas and a few others, are of low quality to water fowl. The
harsh climate and poor soils have hindered agricultural activity which has
resulted in the maintenance of large forested areas. The Canadian Lake Superior
Basin is generally forest covered throughout (8). In the southern part of the
basin the principal tree species are pine, hemlock, birch, maple, and oak.
Logging and recent fires have brought balsam fir and white spruce into prominence
as well. The remainder of the basin is dominated by white and black spruce,
balsam fir, jack pine, white birch,and aspen.
POPULATION
Population and the supporting economic activity that it creates are the
prime cause for demands for water uses and for adequate water quality to support
those uses. The present and projected total population of the Lake Superior
Basin is summarized as follows:
Population
 
(thousands)
Year United States Canada Total
1950 513 94 607
1970 533 147 680
2000 528 169 697
2020 532 180 712
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The total population of the Lake Superior Basin was about 680,000 in 1970 and
is projected to increase to about 712,000 in 2020, an increase of about 5%
(9,10). In 1970, the Canadian population was about 22% of the total, and the
United States population was about 78%. The projected 2020 population does
not show a major change in the population distribution between the two countries.
The 1970 population of the U.S. Lake Superior Basin was about 41% rural and
59% urban. Comparable figures for the Canadian Basin were about 25% rural and
75% urban. Soil and climatic conditions limit agricultural productivity and
restrict the growth of rural population. The population distribution of the
Lake Superior Basin is summarized on Figure 1-6.
In the Canadian Lake Superior Basin, isolated urban communities scattered
along road and rail routes dot the largely undeveloped hinterland (ll). Prin—
cipal industries are mining, forestry, and tourism. They do not support large
population centres. Mbst significant centres of population are located along
the Lake Superior shoreline. The Thunder Bay Census Metropolitan Area (CMA)
or area of significant urban and economic development is the only major popu-
lation centre. Its 1971 population of 112,093 was about 76% of the Canadian
Lake Superior Basin population. In contrast to parts of the Canadian Lake
Huron Basin, concentrations of non—resident or seasonal population are not
significant in the Canadian Lake Superior Basin. The maximum cottage popu—
lation is estimated at less than 10% of the total population.
In the U. S. Lake Superior Basin, most of the population is located
around the western tip of the lake in the Duluth—Superior, Minnesota—Wisconsin
area. The Duluth—Superior Standard Metropolitan Statistical Area (SMSA), or
area of significant urban and economic development, had a 1970 population of
266,484 which was about 50% of the U. S. Lake Superior Basin population. The
nine counties in the eastern part of the U.S. Lake Superior Basin declined in
population about 4% during the 30—year period 1940—1970. In this area, the
urban population is concentrated in the counties of Chippewa, Gogebic, Houghton,
and Marquette. Most future population growth is expected to occur in or near
the present urban areas.
LAND USE AND DEVELOPMENT
The land use patterns in the Lake Superior Basin are shown on Figure 1-7.
Land use and development are discussed below under the categories of agri-
culture, industrial, municipal, and forestry.
The Lake Superior Basin eco-
nomic forecast is shown on Figure 1-8.
All dollar values in this section have
been corrected to 1975 dollars.
AGRICULTURE
Poor soil and severe climate limit agricultural productivity in the Lake
Superior Basin.
Few crops are grown, with most farm sales coming from livestock
and dairying, which is the most important agricultural activity.
The general
trend shows a decline of field and forest products, and an increasing greenhouse
and nursery production.
It also shows a decrease in total area under cultivation,
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FIGURE 1-6 POPULATION DENSITY DISTRIBUTION AND TRENDS IN THE LAKE SUPERIOR BASIN.
Information from References (10) and (11).
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fewer farms, and increased average farm size. Forest range and undeveloped land
comprises 99% (9.35 million ha) of the total land area in Canada and 90%
(5.78 million ha) in the U. S. Cropland is only 0.01% (1,400 ha) of the Canadian,
and 4.4% (280,000 ha) of the U. S. total. Pastureland is 0.5% (51,200 ha) and
1% (67,000 ha), respectively (12, 13). The total value of the agricultural real
domestic product of the Canadian portion is estimated at $2.0 million in 1980,
and is projected to increase to $8.8 million by 2020 (14). The agricultural
total earnings in the U. S. portion are estimated at $9.9 million in 1980, and
are projected to increase to $16.2 million by 2020 (9).
INDUSTRIAL
In the Canadian Lake Superior Basin, real domestic project from manufacturing
is projected to increase from $486.2 million in 1980 to $2,210.2 million in
2020 (14). The Thunder Bay CMA contains most of the manufacturing activity.
Manufacturing activity is dominated by the pulp and paper and related wood indus—
tries. Real domestic product from mining is projected to increase from $141.0
million in 1980 to $894.2 million in 2020. Mining activities are located
throughout the Canadian Lake Superior Basin. In the western basin, platinum,
cobalt, nickel, and copper are mined at Shebandowan; in the central basin, copper,
zinc, silver, lead, arsenic, and cadmium are mined at Manitouwadge; and in the
eastern basin, iron and silver are mined at Wawa (15). The larger thermal electric
power plants are located in the Thunder Bay area. The Thunder Bay plant of
Ontario Hydro is the largest (16).
In the U. S. Lake Superior Basin, earnings from manufacturing are projected
to increase from $252.3 million in 1980 to $646.0 million in 2020 (9). The
Duluth—Superior SMSA is projected to contain about 50% of the earnings from manu—
facturing in 1980 and 44% in 2020 (17). Important manufacturing industries are
paper and allied products, primary metals, and food and kindred products.
Earnings from mining are projected to increase from $205.2 million in 1980 to
$313.0 million in 2020 (9). Mineral commodities produced include clay, iron ore,
peat, sand and gravel, stone, copper, and silver. The production of iron ore
dominates the mineral industry. Iron ore production is concentrated in the Mesabi
Range in St. Louis County, Minnesota in the west, and in Marquette County,
Michigan in the east (18). Iron ore production is projected to increase from 62.6
million tonnes in 1980 to 118.3 million tonnes in 2020. Thermal electric power
installed capacity is projected to increase from 659 megawatts in 1970 to 14,273
megawatts in 2020 (19). By the year 2020, nuclear installed capacity is projected
to be 89% of the total (18).
MUNICIPAL
Urbanization in the Lake Superior Basin has been quite slow in recent years
and future trends indicate similar characteristics. Figure 1—6 shows the popula—
tion densities and trends, and Figure 1-7 shows the percentages of land use in
the basin and its subbasins, including urban use. The total basin population in
1970 was approximately 680,000 and the urban population was 425,600 or 63% of
the total. In Canada, this population is concentrated in the Thunder Bay area
of the Kaministikwia Basin, and in the United States in the two most urbanized
15
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UNITED STATES
Duluth #4 116,400 Primary e Combined
Superior 31,000 Primary 8 Combined
Marquette 25,000 Primary N0 Mixed
Houghton - Hancock 10,900 Secondary 6 Mixed
Hibbing Village 16,100 Secondary Yesa Separate
Virginia City 12,500 Secondary Yes Separate
CANADA
Thunder Bay 75,000 Primary No Mixed
OTHERS
18 facilities 86,500 b c d
TOTAL 373,400
      
a. North Plant only.
b. By population served: 38,200 (10.2%) primary, 27,600 (7.3%) secondary,
18,200 (4.8%) intermediate, and 2,500 (0.7%) lagooned.
c. No other Canadian facilities have phosphorus removal.
d. By population served: 28,200 (7.5%) combined, 30,500 (8.1%) separate,
11,700 (3.1%) mixed (combined and separate), 16,100 (4.3%) information
not available. '
e. Under construction.
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th
ra
te
.
Co
ol
in
g
wa
te
r
de
ma
nd
is
pr
oj
ec
te
d
to
re
ac
h
15
,7
30
,0
00
m3
/d
by
20
00
,
vi
rt
ua
ll
y
al
l
fo
r
us
e
by
On
ta
ri
o
Hy
dr
o.
No
ot
he
r
si
gn
if
ic
an
t
co
ol
in
g
wa
te
r
wi
th
dr
aw
al
s
ar
e
fo
re
se
en
.
Th
e
pr
es
en
t
in
du
st
ri
al
wa
te
r
us
e
in
th
e
Ca
na
di
an
La
ke
Su
pe
ri
or
Ba
si
n
is
su
mm
ar
iz
ed
as
fo
ll
ow
s:
 
Water Use
In
du
st
ry
(C
ub
ic
me
tr
es
pe
r
da
yl
Pu
lp
an
d
Pa
pe
r
72
3,
00
0
Mi
ni
ng
53
,0
00
Ma
nu
fa
ct
ur
in
g
an
d
Mi
sc
el
la
ne
ou
s
12
2,
00
0
Th
er
ma
l
El
ec
tr
ic
Po
we
r
54
6,
00
0
Th
e
U.
S.
La
ke
Su
pe
ri
or
Ba
si
n
co
nt
ai
ns
th
re
e
ca
te
go
ri
es
of
la
rg
e
se
lf
—
su
pp
li
ed
in
du
st
ri
al
wa
te
r
us
er
s.
Th
ey
ar
e
ma
nu
fa
ct
ur
in
g
pr
oc
es
s
wa
te
r,
50
3,
40
0
m3
/d
;
mi
ni
ng
in
du
st
ri
es
,
2,
16
5,
00
0
m3
/d
;
an
d
th
er
ma
l
el
ec
tr
ic
po
we
r
pl
an
t
co
ol
in
g
wa
te
r,
1,
95
3,
00
0
m3
/d
(1
9)
.
Wa
te
r
is
ta
ke
n
fr
om
in
la
nd
so
ur
ce
s
an
d
fr
om
La
ke
Su
pe
ri
or
.
Si
xt
y
fi
ve
pe
rc
en
t
of
th
e
ma
nu
fa
ct
ur
in
g
wa
te
r
is
us
ed
by
th
e
pa
pe
r
an
d
al
li
ed
pr
od
uc
ts
in
du
st
ry
an
d
by
pr
im
ar
y
me
ta
l
fa
br
ic
at
or
s
in
th
e
we
st
er
n
pa
rt
of
th
e
ba
si
n.
Ma
nu
fa
ct
ur
in
g
wa
te
r
us
e
pr
oj
ec
ti
on
s
ar
e
ba
se
d
on
pr
oj
ec
ti
on
s
of
va
lu
e
ad
de
d
by
ma
nu
fa
ct
ur
e
wh
ic
h
ar
e
ad
ju
st
ed
to
al
lo
w
fo
r
fu
tu
re
te
ch
no
lo
gi
ca
l
ch
an
ge
s
an
d
wa
te
r
re
us
e.
Pr
oj
ec
te
d
wa
te
r
wi
th
dr
aw
al
by
th
e
ma
nu
fa
ct
ur
in
g
se
ct
or
is
75
7,
00
0
m3
/d
by
20
20
,
pa
rt
ly
to
me
et
an
ex
pa
nd
in
g
nu
mb
er
of
in
du
st
ri
es
in
th
e
ea
st
er
n
pa
rt
of
th
e
ba
si
n.
Wa
te
r
de
ma
nd
by
th
e
mi
ni
ng
in
du
st
ry
co
me
s
la
rg
el
y
fr
om
th
e
Re
se
rv
e
Mi
ni
ng
Co
mp
an
y'
s
Si
lv
er
Ba
y,
Mi
nn
es
ot
a,
ta
co
ni
te
pl
an
t
wh
ic
h
us
ed
1,
90
8,
00
0
m3
/d
in
19
68
.
Th
e
re
ma
in
in
g
mi
ni
ng
wa
te
r
21
  
-
v
.
.
.
v
g
—
w
v
.
.
.
TABLE 1-2
LA
KE
SU
PE
RI
OR
PU
BL
IC
WA
TE
R
SU
PP
LY
SU
VM
AR
Y
     
AVERAGE
CONSUMPTION
POPULATION (CUBIC METRES
LOC
ATI
ON
SER
VED
PER
DAY
)
TRE
ATM
ENT
UNITED STATES
Minnesota
Bea
ver
Bay
360
114
Fil
tra
tio
n,
Flu
ori
dat
ion
,
Dis
inf
ect
ion
Dul
uth
a
114
,00
0
56,
775
Flu
ori
dat
ion
,
Dis
inf
ect
ion
Gra
nd
Mar
ais
1,3
00
568
Fil
tra
tio
n,
Flu
ori
dat
ion
,
Dis
inf
ect
ion
Sil
ver
Bay
b
3,5
00
2,6
50
Fil
tra
tio
n,
Flu
ori
dat
ion
,
Dis
inf
ect
ion
Two
Har
bor
sb
4,4
00
3,0
66
Flu
ori
dat
ion
, D
isi
nfe
cti
on
Clo
que
tC
8,6
00
3,5
96
Flu
ori
dat
ion
, D
isi
nfe
cti
on
Wisconsin
Ash
lan
d
9,6
00
4,5
04
Fil
tra
tio
n,
Flu
ori
dat
ion
,
Dis
inf
ect
ion
Was
hbu
rnd
2,0
00
795
Flu
ori
dat
ion
, D
isi
nfe
cti
on
Michigan
Bar
aga
1,1
00
643
Pur
ifi
cat
ion
e,
Flu
ori
dat
ion
Copper Harborf 500 189% Disinfection
Eagle Harborf 300 76 Disinfection
L'Anse 2,600 2,082 Disinfection
Marq
uett
e
22,0
00
11,3
55
Disi
nfec
tion
, F
luor
idat
ion
Muni
sing
3,80
0
1,96
8
Disi
nfec
tion
, F
luor
idat
ion
Ontonagon 2,500 908 Taste and Odour, Purification
White Pine 1,200 2,157 Fluoridation, Purification
Total UNITED STATES 177,760 91,446
CANADA
Ontario
Thunder Bayh 102,500 69,600 Disinfection
Red
Rock
1,70
0
1,20
0
Puri
fica
tion
, F
luor
idat
ion
Terrace Bay 1,900 1, 300g Disinfection
Total CANADA 106,100 72,100
O
U
‘
Q
)
Duluth has a $7.9 million filtration plant under construction.
Plans are being developed for filtration facilities.
Cloquet presently uses over 95% well water; Lake Superior supply is used
only during peak periods (N10-15z of summer consumption); filtration
facilities are being considered.
Estimated.
3
‘
0
0
m
e
Lake Superior supply used as standby.
Purification includes disinfection, coagulation, sedimentation, filtration.
Seasonal supply, closed in winter.
Filtration plant under construction.
22
 
   
de
ma
nd
is
fo
r
ir
on
or
e
an
d
co
pp
er
mi
ni
ng
in
th
e
ar
ea
ea
st
of
th
e
Wi
sc
on
si
n-
Mi
ch
ig
an
bo
rd
er
an
d
fo
r
cr
us
he
d
li
me
st
on
e
mi
ni
ng
ea
st
of
Ma
rq
ue
tt
e,
Mi
ch
ig
an
.
Pr
oj
ec
te
d
wa
te
r
de
ma
nd
fo
r
th
e
mi
ni
ng
in
du
st
ry
is
2.
98
mi
ll
io
n
m3
/d
by
20
20
,
wi
th
81
%
us
ed
in
th
e
we
st
er
n
pa
rt
of
th
e
ba
si
n.
Si
x
of
th
e
ni
ne
th
er
ma
l
el
ec
tr
ic
po
we
r
pl
an
ts
ar
e
in
th
e
Wi
sc
on
si
n—
Mi
nn
es
ot
a
pa
rt
of
th
e
ba
si
n,
an
d
th
ey
us
ed
1,
18
1,
00
0
m3
/d
of
wa
te
r
in
19
70
.
Tw
o
of
th
e
re
ma
in
in
g
pl
an
ts
ar
e
ne
ar
Ma
rq
ue
tt
e,
Mi
ch
ig
an
,
an
d
th
e
la
st
is
so
ut
h
of
Ke
we
en
aw
Ba
y.
Th
e
20
20
pr
oj
ec
ti
on
s
fo
r
co
ol
in
g
wa
te
r
fo
r
th
e
el
ec
tr
ic
po
we
r
in
du
st
ry
ra
ng
e
fr
om
41
0,
00
0
m3
/d
fo
r
al
l
su
pp
le
me
nt
al
co
ol
in
g
to
ov
er
25
,0
00
,0
00
m3
/d
if
fl
ow
—t
hr
ou
gh
co
ol
in
g
is
us
ed
.
Th
e
pr
es
en
t
in
du
st
ri
al
wa
te
r
us
e
in
th
e
U.
S.
La
ke
Su
pe
ri
or
Ba
si
n
is
su
mm
ar
iz
ed
as follows:
 
water Use
In
du
st
ry
(C
ub
ic
me
tr
es
pe
r
da
y)
Ma
nu
fa
ct
ur
in
g
50
3,
40
0
Mi
ni
ng
2,
16
5,
00
0
Th
er
ma
l
El
ec
tr
ic
Po
we
r
1,
95
3,
00
0
TRANSPORTATION
In
th
e
wa
te
r—
bo
rn
e
sh
ip
me
nt
of
co
mm
od
it
ie
s,
an
im
po
rt
an
t
ec
on
om
ic
ac
ti
vi
ty
on
th
e
Gr
ea
t
La
ke
s,
th
er
e
is
co
ns
id
er
ab
le
di
sp
ar
it
y
be
tw
ee
n
sh
ip
me
nt
s
on
th
e
Lo
we
r
La
ke
s
an
d
th
e
Up
pe
r
La
ke
s.
In
ge
ne
ra
l,
it
ca
n
be
sa
id
th
at
th
e
Up
pe
r
La
ke
s
po
rt
s
ar
e
th
e
or
ig
in
of
bu
lk
ra
w
ma
te
ri
al
s
de
st
in
ed
fo
r
Lo
we
r
La
ke
s,
St
.
La
wr
en
ce
Ri
ve
r,
an
d
fo
re
ig
n
po
rt
s.
Th
e
fl
ow
of
re
tu
rn
ca
rg
o
te
nd
s
to
be
li
mi
te
d.
On
th
e
lo
we
r
La
ke
s,
lo
ad
in
gs
an
d
un
lo
ad
in
gs
ar
e
mo
re
ne
ar
ly
ba
la
nc
ed
(1
6)
.
Fi
gu
re
1—
11
sh
ow
s
ma
jo
r
wa
te
r—
bo
rn
e
tr
an
sp
or
ta
ti
on
ro
ut
es
on
th
e
Gr
ea
t
La
ke
s.
Th
e
U.
S.
La
ke
Su
pe
ri
or
ha
rb
ou
rs
ha
nd
le
mo
st
ly
bu
lk
ra
w
ma
te
ri
al
.
Th
e
ha
rb
ou
rs
of
Ta
co
ni
te
,
S
i
l
ve
r
Ba
y,
an
d
Tw
o
Ha
rb
or
s,
Mi
nn
es
ot
a,
an
d
D
ul
ut
h
—S
up
e
r
i
o
r
,
M
i
n
n
e
s
o
t
a
—
W
i
s
c
o
n
s
i
n
,
s
h
i
p
p
e
d
63
%
of
th
e
U.
S.
ir
on
or
e
tr
af
fi
c
o
n
th
e
Gr
ea
t
La
ke
s
in
19
69
an
d
19
70
(2
2)
.
In
ad
di
ti
on
,
Du
lu
th
-S
up
er
io
r
sh
ip
s
25
%
of
th
e
g
r
a
i
n
an
d
12
%
of
th
e
o
ve
r
s
e
a
s
g
e
n
e
r
a
l
ca
rg
o
f
r
o
m
th
e
U.
S.
Gr
ea
t
La
ke
s.
Ot
he
r
wa
te
r—
bo
rn
e
co
mm
er
ce
in
cl
ud
es
sh
ip
me
nt
s
of
ir
on
or
e
fr
om
Ma
rq
ue
tt
e,
Mi
ch
ig
an
,
li
me
st
on
e
fr
om
Dr
um
mo
nd
Is
la
nd
,
Mi
ch
ig
an
,
an
d
re
ce
ip
t
of
co
al
at
Ma
rq
ue
tt
e
an
d
Sa
ul
t
St
e.
Ma
ri
e,
Mi
ch
ig
an
.
To
ta
l
tr
af
fi
c
is
pr
oj
ec
te
d
at
88
.2
,
12
1.
9,
an
d
16
0.
4
mi
ll
io
n
to
nn
es
in
19
80
,
20
00
,
an
d
20
20
,
re
sp
ec
ti
ve
ly
(2
1)
.
Th
is
is
ex
pe
ct
ed
to
ge
ne
ra
te
$1
.2
3,
$1
.6
0,
an
d
$2
.1
1
bi
ll
io
n
of
in
co
me
in
th
es
e
respective target years.
Th
e
po
rt
of
Th
un
de
r
Ba
y,
On
ta
ri
o,
la
rg
es
t
in
th
e
Ca
na
di
an
Up
pe
r
Gr
ea
t
La
ke
s,
ha
nd
le
d
ne
ar
ly
3,
00
0
ve
ss
el
s
in
19
71
(1
6)
.
Th
e
to
ta
l
we
ig
ht
of
ca
rg
o
ha
nd
le
d
on
a
se
as
on
al
ba
si
s
av
er
ag
ed
18
mi
ll
io
n
to
nn
es
in
19
72
an
d
19
73
(1
5)
.
VT
he
bu
lk
of
ca
rg
o
lo
ad
ed
at
Th
un
de
r
Ba
y
is
gr
ai
n
fr
om
we
st
er
n
Ca
na
da
.
Ot
he
r
po
rt
s
in
th
e
Ca
na
di
an
La
ke
Su
pe
ri
or
Ba
si
n
ar
e
Ma
ra
th
on
,
Ni
pi
go
n,
Re
d
Ro
ck
,
an
d
Mi
ch
ip
ic
ot
en
Ha
rb
ou
r,
On
ta
ri
o.
Th
e
to
ta
l
ca
rg
o
ha
nd
le
d
at
th
es
e
po
rt
s
on
a
se
as
on
al
ba
si
s
av
er
ag
ed
0.
9
mi
ll
io
n
to
nn
es
in
19
72
an
d
19
73
(15
)-
Im
po
rt
an
t
im
pa
ct
s
on
wa
te
r
qu
al
it
y
ca
us
ed
by
wa
te
r-
bo
rn
e
co
mm
er
ce
in
cl
ud
e
mai
nte
nan
ce
dre
dgi
ng
of
har
bou
rs
and
cha
nne
ls,
ves
sel
was
te
dis
cha
rge
s,
and
car
go
sp
il
ls
,
in
cl
ud
in
g
oi
l
an
d
ha
za
rd
ou
s
ma
te
ri
al
s.
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 RECREATION
The
U.
S.
Lak
e S
upe
rio
r B
asi
n c
ont
ain
s h
igh
qua
lit
y r
ecr
eat
ion
al
are
as.
con
sis
tin
g o
f l
arg
e t
rac
ts
of
for
est
s,
num
ero
us
sma
ll
inl
and
lak
es,
and
sce
nic
riv
ers
, a
s w
ell
as
the
lak
e a
nd
its
sho
rel
ine
.
Man
y a
rea
s o
f t
he
bas
in
are
dep
end
ent
on
inc
ome
fro
m t
he
rec
rea
tio
n i
ndu
str
y,
est
ima
ted
to
be
$50
mil
lio
n
in
196
4 (
4).
Bec
aus
e o
f t
he
rat
her
sev
ere
win
ter
cli
mat
e,
the
rec
rea
tio
n
ind
ust
ry
has
bee
n v
ery
sea
son
al,
wit
h m
ost
of
the
act
ivi
ty
occ
urr
ing
in
the
war
m s
umm
er
mon
ths
.
Rec
ent
ly
win
ter
spo
rts
hav
e a
ttr
act
ed
an
inc
rea
sin
g n
umb
er
of participants.
The
pri
nci
pal
wat
er—
ori
ent
ed
act
ivi
tie
s a
re
swi
mmi
ng,
cam
pin
g,
boa
tin
g,
and
spo
rt
fis
hin
g.
How
eve
r,
a l
arg
e p
art
of
the
se
act
ivi
tie
s a
re
met
on
inl
and
wat
ers
and
not
on
the
ope
n l
ake
.
For
exa
mpl
e,
it
is
est
ima
ted
tha
t o
nly
30%
of
the
rec
rea
tio
nal
boa
tin
g
tak
es
pla
ce
on
the
lak
e.
Imp
ort
ant
rec
re—
ati
ona
l s
hor
eli
ne
are
as
are
sho
wn
on
Fig
ure
s 1
-9
and
1-1
0.
Due
to
the
hig
h
qua
lit
y
rec
rea
tio
nal
lan
d
and
wat
er
in
the
bas
in,
a g
rea
ter
fut
ure
dem
and
wil
l
be
put
on
the
se
res
our
ces
.
Inc
rea
sed
dem
and
is
exp
ect
ed
to
com
e f
rom
mor
e
re
cr
ea
ti
on
al
bo
at
in
g;
re
gi
st
er
ed
bo
at
s
ar
e
es
ti
ma
te
d
to
in
cr
ea
se
fr
om
61
,0
00
bo
at
s
in
19
68
to
81
,0
00
in
20
20
(2
3)
.
In
cr
ea
se
d
de
ma
nd
fo
r
sp
or
t
fi
sh
in
g,
lar
gel
y o
n i
nla
nd
wat
ers
(24
),
and
a d
oub
lin
g o
f o
the
r w
ate
r—o
rie
nte
d r
ecr
eat
ion
by
th
e
ye
ar
20
20
,
su
ch
as
pi
cn
ic
ki
ng
,
ca
mp
in
g,
hi
ki
ng
an
d
si
gh
ts
ee
in
g
ar
e
al
so
ex
pe
ct
ed
.
Th
e
ae
st
he
ti
c
an
d
na
tu
ra
l
be
au
ty
of
mu
ch
of
th
e
La
ke
Su
pe
ri
or
sh
or
el
in
e
ma
ke
s
si
gh
ts
ee
in
g
pa
rt
ic
ul
ar
ly
at
tr
ac
ti
ve
.
Wa
te
r—
or
ie
nt
ed
re
cr
ea
ti
on
al
re
qu
ir
e—
me
nt
s
fo
r
th
e
U.
S.
La
ke
Su
pe
ri
or
Ba
si
n
ar
e
es
ti
ma
te
d
to
in
cr
ea
se
fr
om
ab
ou
t
4 m
ill
ion
rec
rea
tio
n d
ays
in
197
0 t
o 1
0 m
ill
ion
in
202
0 (
4).
In
the
las
t t
wo
dec
ade
s
the
re
has
bee
n a
sub
sta
nti
al
inc
rea
se
in
out
doo
r
rec
rea
tio
n i
n
the
Can
adi
an
Lak
e
Sup
eri
or
Bas
in
(15
).
Pro
vin
cia
l
par
ks
wit
h
num
ero
us
ame
nit
ies
for
the
cam
per
and
out
doo
r r
ecr
eat
ion
ali
st
are
bei
ng
dev
elo
ped
rap
idl
y w
hil
e s
por
t f
ish
ing
is
bec
omi
ng
inc
rea
sin
gly
pop
ula
r,
acc
oun
tin
g f
or
the
bul
k
of
rec
rea
tio
nal
exp
end
itu
res
.
The
se
rec
rea
tio
nal
opp
ort
uni
tie
s
occ
ur
thr
oug
hou
t
the
Can
adi
an
Lak
e S
upe
rio
r B
asi
n a
nd
gen
era
lly
wit
hin
rea
son
abl
e r
eac
h
of
the
Tra
ns-
Can
ada
Hig
hwa
y.
In
res
pon
se
to
the
gro
win
g d
ema
nd,
the
gov
ern
men
t
has
set
asi
de
add
iti
ona
l r
ecr
eat
ion
al
res
erv
es
and
int
ens
ifi
ed
dev
elo
pme
nt
of
fac
ili
tie
s s
uch
as
the
pro
vin
cia
l p
ark
sys
tem
.
A c
ons
ide
rab
le
por
tio
n o
f t
he
dem
and
for
rec
rea
tio
nal
fac
ili
tie
s c
ome
s f
rom
out
of
the
pro
vin
ce
- p
art
icu
lar
ly
fro
m M
ani
tob
a a
nd
the
Sta
tes
of
Min
nes
ota
,
Wis
con
sin
,
Ill
ino
is,
and
Mic
hig
an.
Out
—of
—pr
ovi
nce
tou
ris
ts
ten
d
to
spe
nd
mor
e p
er
per
son
,
hen
ce
acc
oun
tin
g
for
mor
e
tha
n
hal
f
of
the
rec
rea
tio
nal
exp
end
itu
res
.
Unf
ort
una
tel
y,
the
lim
ite
d
use
of
rec
rea
tio
nal
fac
ili
tie
s
in
the
win
ter
mak
es
the
tou
ris
t
ind
ust
ry
hig
hly
sea
son
al.
Th
e
co
tt
ag
e
po
pu
la
ti
on
nu
mb
er
s
in
th
e
or
de
r
of
12
,0
00
pe
op
le
,
mo
st
of
wh
om
ar
e
con
cen
tra
ted
in
the
wes
ter
n p
art
of
the
bas
in
in
the
vic
ini
ty
of
Thu
nde
r
Bay
.
Th
is
re
pr
es
en
ts
le
ss
th
an
10
%
of
th
e
Ca
na
di
an
ba
si
n
po
pu
la
ti
on
.
Ap
pr
ox
i-
mat
ely
thr
ee—
qua
rte
rs
of
the
cot
tag
ers
ori
gin
ate
fro
m t
he
Thu
nde
r B
ay
are
a w
ith
mos
t
of
the
rem
ain
der
ori
gin
ati
ng
fro
m t
he
Sta
te
of
Min
nes
ota
.
Wa
te
r—
or
ie
nt
ed
re
cr
ea
ti
on
al
ac
ti
vi
ti
es
on
th
e
Ca
na
di
an
si
de
of
La
ke
Su
pe
ri
or
are
lim
ite
d r
ela
tiv
e t
o t
hos
e o
n t
he
U.
S.
sid
e.
The
rug
ged
roc
ky
coa
stl
ine
off
ers
pan
ora
mic
vie
ws
wit
hin
eas
y r
eac
h o
f t
he
Tra
ns—
Can
ada
Hig
hwa
y b
ut
lim
its
the
pot
ent
ial
of
the
are
a f
or
boa
tin
g a
nd
swi
mmi
ng.
The
pot
ent
ial
ly
rou
gh
wat
er
of
the
lak
e c
omb
ine
d w
ith
its
gen
era
lly
low
pro
duc
tiv
ity
lim
its
spo
rt
fis
hin
g t
o
 
.
L
a
g
l
i
.
a
l
ﬂ
u
u
i
A
i
-
‘
u
m
m
h
J
>
_
a
‘
.
.
.
.
.
.
M
.
L
.
.
2
m
-
 
 sh
al
lo
we
r
ba
ys
Su
ch
as
Th
un
de
r
Ba
y
an
d
Ni
pi
go
n
Ba
y.
As
in
di
ca
te
d
fr
om
Fi
gu
re
s
1—
9
an
d
1-
10
,
re
cr
ea
ti
on
al
ac
ti
vi
ti
es
ar
e
co
nf
in
ed
ma
in
ly
to
th
es
e
tw
o
ba
ys
an
d
to
Te
rr
ac
e
Ba
y,
Ma
ra
th
on
,
Mi
ch
ip
ic
ot
en
Ha
rb
ou
r,
an
d
Ba
tc
ha
wa
na
Ba
y.
De
sp
it
e
th
e
na
tu
ra
l
co
ns
tr
ai
nt
s,
wa
te
r-
or
ie
nt
ed
re
cr
ea
ti
on
al
ac
ti
vi
ti
es
al
on
g
th
e
no
rt
he
rn
sh
or
el
in
e
of
La
ke
Su
pe
ri
or
ca
n
be
ex
pe
ct
ed
to
in
cr
ea
se
si
gn
if
ic
an
tl
y
ov
er
th
e
ne
xt
50
ye
ar
s
du
e
to
in
cr
ea
se
in
po
pu
la
ti
on
an
d
leisure time.
Wa
te
r
qu
al
it
y
pr
ob
le
ms
as
so
ci
at
ed
wi
th
re
cr
ea
ti
on
ha
ve
a
mi
no
r
im
pa
ct
on
La
ke
Su
pe
ri
or
as
a
wh
ol
e.
Lo
ca
li
ze
d
po
ll
ut
io
n
pr
ob
le
ms
oc
cu
r
in
hi
gh
de
ns
it
y
ar
ea
s.
Th
es
e
in
cl
ud
e
ve
ss
el
wa
st
e
di
sc
ha
rg
es
,
es
pe
ci
al
ly
in
cr
ow
de
d
ma
ri
na
s,
de
st
ru
ct
io
n
of
ve
ge
ta
ti
ve
co
ve
r
an
d
in
cr
ea
se
d
so
il
er
os
io
n
by
us
e
of
sn
ow
mo
—
bi
le
s
an
d
du
ne
bu
gg
ie
s,
an
d
in
ad
eq
ua
te
ly
tr
ea
te
d
do
me
st
ic
wa
st
e
di
sc
ha
rg
es
an
d
ac
cu
mu
la
ti
on
s
of
de
br
is
an
d
li
tt
er
in
ar
ea
s
of
la
rg
e
se
as
on
al
po
pu
la
ti
on
.
C
O
M
M
E
R
C
I
A
L
F
I
S
H
E
R
I
E
S
In
th
e
ea
rl
y
ye
ar
s
of
th
e
La
ke
Su
pe
ri
or
fi
sh
in
g
in
du
st
ry
,
Wh
it
ef
is
h
an
d
la
ke
tr
ou
t
do
mi
na
te
d
la
nd
in
gs
,
bu
t
by
19
15
th
e
la
ke
he
rr
in
g
wa
s
nu
mb
er
on
e
in
an
nu
al
pr
od
uc
ti
on
(2
4)
.
In
sp
it
e
of
dr
am
at
ic
re
ce
nt
de
cl
in
es
in
la
ke
he
rr
in
g
la
nd
in
gs
,
th
at
sp
ec
ie
s
st
il
l
co
nt
ri
bu
te
s
mo
re
by
we
ig
ht
to
th
e
fi
sh
er
y
th
an
an
y
ot
he
r
sp
ec
ie
s.
Si
nc
e
19
52
fi
sh
in
g
fo
r
sm
el
t
ha
s
gr
ow
n,
an
d
th
at
sp
ec
ie
s
no
w
ra
nk
s
se
co
nd
in
to
ta
l
an
nu
al
yi
el
d.
Al
th
ou
gh
fi
sh
in
g
wa
s
in
te
ns
e
an
d
fr
eq
ue
nt
ly
ca
us
ed
ov
er
ex
pl
oi
ta
ti
on
,
th
e
in
va
si
on
of
th
e
se
a
la
mp
re
y
wa
s
th
e
ma
jo
r
fa
ct
or
in
th
e
re
du
ct
io
n
of
th
e
ca
tc
h
an
d
th
e
ch
an
ge
in
sp
ec
ie
s
af
te
r
19
40
.
Th
e
la
mp
re
y
wa
s
pr
e—
sum
ed
to
hav
e
ent
ere
d
the
Gre
at
Lak
es
in
the
lat
e
180
0's
fro
m
its
nat
ive
oce
an
hab
itm
vi
a
th
e
Er
ie
Ca
na
l.
It
by
pa
ss
ed
Ni
ag
ar
a
Fa
ll
s
vi
a
th
e
We
ll
an
d
Ca
na
l
by
th
e
19
20
's
an
d
su
bs
eq
ue
nt
ly
sp
re
ad
th
rO
ug
ho
ut
th
e
Up
pe
r
Gr
ea
t
La
ke
s.
It
is
a
pa
ra
si
te
li
vi
ng
on
th
e
bl
oo
d
of
ot
he
r
fi
sh
an
d
is
pa
rt
ic
ul
ar
ly
de
st
ru
ct
iv
e
to
la
rg
e
fi
sh
.
Th
e
al
ew
if
e
is
an
ot
he
r
ma
ri
ne
in
va
de
r
th
at
en
te
re
d
th
e
Gr
ea
t
La
ke
s
vi
a
th
e
sa
me
ro
ut
e
as
th
e
se
a
la
mp
re
y.
Ho
we
ve
r,
La
ke
Su
pe
ri
or
ha
s
no
t
su
ff
er
ed
as
mu
ch
fr
om
th
e
al
ew
if
e
di
eo
ff
pr
ob
le
m
as
La
ke
s
Hu
ro
n
an
d
Mi
ch
ig
an
.
Th
e
In
te
rn
at
io
na
l
Gr
ea
t
La
ke
s
Fi
sh
er
y
Co
mm
is
si
on
ch
oo
se
La
ke
Su
pe
ri
or
as
th
e
fi
rs
t
Gr
ea
t
La
ke
to
re
ce
iv
e
se
a
la
mp
re
y
co
nt
ro
l
an
d
la
ke
tr
ou
t
re
st
oc
ki
ng
.
Ch
em
ic
al
se
a
la
mp
re
y
co
nt
ro
l
an
d
la
ke
tr
ou
t
fi
ng
er
li
ng
st
oc
ki
ng
of
tr
ib
ut
ar
ie
s
be
ga
n
in
195
8.
Re
st
oc
ki
ng
pr
og
ra
ms
fo
r
st
ee
lh
ea
d
tr
ou
t
an
d
co
ho
an
d
Ch
in
oo
k
sa
lm
on
ha
ve
al
so
be
en
st
ar
te
d.
Th
ey
ha
ve
th
ri
ve
d
we
ll
,
pa
rt
ly
be
ca
us
e
of
th
e
ab
un
da
nc
e
of
al
ew
iv
es
wh
ic
h
ar
e
si
mi
la
r
to
th
ei
r
fo
od
in
th
e
oc
ea
n
en
vi
ro
nm
en
t.
W
A
S
T
E
A
S
S
I
M
I
L
A
T
I
O
N
Was
te
Ass
imi
lat
ion
fro
m
bot
h p
oin
t
and
dif
fus
e
sou
rce
s o
ccu
rs
thr
oug
hou
t
the
ba
si
n.
Im
po
rt
an
t
ar
ea
s
of
wa
st
e
as
si
mi
la
ti
on
fr
om
po
in
t
so
ur
ce
wa
st
e
di
sc
ha
rg
es
are
the
Dul
uth
—Su
per
ior
are
a
on
the
U.
S.
sid
e
and
the
Thu
nde
r
Bay
are
a
on
the
Can
adi
an
sid
e.
Was
te
ass
imi
lat
ion
fro
m n
onp
oin
t
sou
rce
s
occ
urs
thr
oug
hou
t
the
bas
in
whe
re
pol
lut
ant
s
are
car
rie
d
to
the
lak
e
in
lan
d
dra
ina
ge
or
in
was
h-o
ut
or
by
abs
orp
tio
n
fro
m
the
atm
osp
her
e.
The
mos
t
not
abl
e
exa
mpl
e
of
was
te
ass
imi
-
lat
ion
fro
m n
onp
oin
t s
our
ces
occ
urs
alo
ng
the
ext
rem
e s
out
hwe
ste
rn
sho
re
of
the
lak
e w
her
e
hea
vy
sed
ime
nt
loa
ds
ent
er
the
lak
e
fro
m e
ros
ion
in
the
red
cla
y
are
a.
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Cha
pte
r
2 d
esc
rib
es
the
leg
isl
ati
ve
mec
han
ism
s
dir
ect
ed
tow
ard
gov
ern
-
me
nt
al
ma
na
ge
me
nt
of
th
e
Up
pe
r
La
ke
s.
So
me
of
th
e
fe
de
ra
l,
st
at
e,
or
pr
o-
vi
nc
ia
l
la
ws
ar
e
of
re
ce
nt
pa
ss
ag
e
be
ca
us
e
ma
ny
of
th
e
co
nc
er
ns
ab
ou
t
wa
te
r
qu
al
it
y
of
th
e
Up
pe
r
La
ke
s
ar
e
of
re
la
ti
ve
ly
re
ce
nt
or
ig
in
.
Th
e
ap
pr
op
ri
at
e
la
ws
an
d
re
sp
on
si
bl
e
ag
en
ci
es
ar
e
br
ie
fl
y
de
sc
ri
be
d
by
ju
ri
sd
ic
ti
on
:
U.S
.
fe
de
ra
l,
Mi
ch
ig
an
,
Mi
nn
es
ot
a,
Wi
sc
on
si
n,
Ca
na
da
fe
de
ra
l,
an
d
On
ta
ri
o.
Ch
ap
te
r
2
al
so
co
nt
ai
ns
de
fi
ni
ti
on
s
of
ce
rt
ai
n
te
ch
ni
ca
l
te
rm
s
us
ed
in
th
is
re
po
rt
.
Th
e
va
ri
ou
s
wa
te
r
qu
al
it
y
cr
it
er
ia
,
st
an
da
rd
s,
ob
je
ct
iv
es
,
an
d
gu
id
el
in
es
de
ve
lo
pe
d
by
th
e
se
ve
ra
l
ju
ri
sd
ic
ti
on
s
ar
e
al
so
pr
es
en
te
d
in
Ap
pe
nd
ix
C.
TERMINOLOGY
CR
IT
ER
IA
,
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
,
AN
D
GU
ID
EL
IN
ES
Cr
it
er
ia
,
st
an
da
rd
s,
ob
je
ct
iv
es
,
an
d
gu
id
el
in
es
ar
e
fo
ur
te
rm
s
th
at
ha
ve
be
en
wi
de
ly
us
ed
in
wa
te
r
qu
al
it
y
li
te
ra
tu
re
an
d
le
gi
sl
at
io
n.
Al
l
re
fe
r
to
ru
le
s
an
d
li
mi
ta
ti
on
s
on
ch
em
ic
al
an
d
ph
ys
ic
al
co
ns
ti
tu
en
ts
bu
t
ea
ch
te
rm
ha
s
be
en
de
fi
ne
d
di
ff
er
en
tl
y
in
di
ff
er
en
t
do
cu
me
nt
s.
Th
e
on
ly
re
as
on
ab
ly
co
n—
si
st
en
t
di
ff
er
en
ce
is
th
at
th
e
te
rm
st
an
da
rd
im
pl
ie
s
st
at
ut
or
y,
le
ga
ll
y
en
fo
rc
ea
bl
e
li
mi
ts
wh
er
ea
s
th
e
ot
he
r
th
re
e
te
rm
s
do
no
t.
Th
e
di
ff
er
en
ce
s
in
me
an
in
g
be
tw
ee
n
cr
it
er
ia
,
Ob
je
ct
iv
es
,
an
d
gu
id
el
in
es
ar
e
so
sl
ig
ht
th
at
th
e
te
rm
s
ca
n
be
us
ed
in
te
rc
ha
ng
ea
bl
y.
Th
e
te
rm
Ob
je
ct
iv
e
me
an
s
de
si
ra
bl
e
le
ve
ls
of
wa
te
r
qu
al
it
y
to
be
at
ta
in
ed
in
ei
th
er
sh
or
t
or
lo
ng
te
rm
wa
te
r
re
so
ur
ce
ma
na
ge
me
nt
pr
og
ra
ms
fo
r
sp
ec
if
ic
wa
te
r
bo
di
es
.
Th
e
te
rm
cr
it
er
ia
us
ua
ll
y
re
fe
rs
to
ev
al
ua
te
d
sc
ie
nt
if
ic
da
ta
an
d
th
e
te
rm
gu
id
el
in
es
is
us
ua
ll
y
re
co
m-
me
nd
at
io
ns
fo
r
ch
ar
ac
te
ri
st
ic
s
of
wa
te
r
fo
r
sp
ec
if
ic
use
s.
Fo
r
th
e
pu
rp
os
e
of
th
is
re
po
rt
th
e
te
rm
st
an
da
rd
me
an
s
le
ga
ll
y
en
fo
rc
ea
bl
e
wa
te
r
qu
al
it
y
li
mi
ta
ti
on
s.
Cr
it
er
ia
an
d
gu
id
el
in
es
ma
y
be
in
fe
rr
ed
to
me
an
ob
je
ct
iv
es
.
CLASSIFICATION OF WATER
Th
e
Re
fe
re
nc
e
Gr
ou
p
cl
as
si
fi
ed
wa
te
r
as
no
nd
eg
ra
de
d,
de
gr
ad
ed
,
or
po
ll
ut
ed
.
No
nd
eg
ra
de
d
wa
te
r
is
hi
gh
qu
al
it
y
wa
te
r
th
at
do
es
no
t
sh
ow
si
gn
if
ic
an
t
an
th
ro
—
po
ge
ni
c
ef
fe
ct
s.
De
gr
ad
ed
wa
te
r
sh
ow
s
th
e
ef
fe
ct
s
of
cu
lt
ur
al
ac
ti
vi
ty
th
at
re
su
lt
in
oc
ca
si
on
al
vi
ol
at
io
ns
of
ob
je
ct
iv
es
.
Po
ll
ut
ed
wa
te
r
sh
ow
s
fr
eq
ue
nt
or
se
ve
re
vi
ol
at
io
ns
of
wa
te
r
qu
al
it
y
fo
r
wh
ic
h
re
me
di
al
ac
ti
on
s
ar
e
re
qu
ir
ed
.
CLASSIFICATION OF PROBLEMS
Th
e
Re
fe
re
nc
e
Gr
ou
p
cl
as
si
fi
ed
pr
ob
le
ms
as
lo
ca
l
or
wh
ol
e
la
ke
.
Fo
r
a
lo
ca
l
pr
ob
le
m,
th
e
wa
te
r
qu
al
it
y
de
gr
ad
at
io
n
af
fe
ct
s
on
ly
a
sp
ec
if
ic
ge
o—
29
    
i
W
I
 gr
ap
hi
c
ar
ea
,
su
ch
as
a
ha
rb
ou
r,
em
ba
ym
en
t,
or
a
ri
ve
r
mo
ut
h.
Fo
r
a
wh
ol
e-
Za
ke
pr
ob
le
m,
th
e
wa
te
r
qu
al
it
y
de
gr
ad
at
io
n
is
no
t
re
ad
il
y
at
tr
ib
ut
ab
le
to
sp
ec
if
ic
or
co
nt
ro
ll
ab
le
so
ur
ce
s
bu
t
is
fo
un
d
th
ro
ug
ho
ut
th
e
wa
te
r
bo
dy
,
su
ch
as DDT or PCB's.
I
N
T
E
R
N
A
T
I
O
N
A
L
A
S
P
E
C
T
S
OF
GR
EA
T
LA
KE
S
W
A
T
E
R
Q
U
A
L
I
T
Y
M
A
N
A
G
E
M
E
N
T
In
te
rn
at
io
na
l
as
pe
ct
s
of
ma
na
ge
me
nt
of
th
e
Gr
ea
t
La
ke
s
ar
e
co
nt
ro
ll
ed
by
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
,
wh
ic
h
wa
s
cr
ea
te
d
by
,
an
d
op
er
at
es
un
de
r
th
e
Bo
un
da
ry
Wa
te
rs
Tr
ea
ty
of
19
09
(1
).
Gr
ea
t
Br
it
ai
n,
ac
ti
ng
on
be
ha
lf
of
Ca
na
da
,
an
d
th
e
Un
it
ed
St
at
es
en
te
re
d
in
to
th
e
Bo
un
da
ry
Wa
te
rs
Tr
ea
ty
".
to
pr
ev
en
t
di
sp
ut
es
re
ga
rd
in
g
th
e
us
e
of
bo
un
da
ry
wa
te
rs
an
d
to
se
tt
le
al
l
qu
es
ti
on
s
wh
ic
h
ar
e
no
w
pe
nd
in
g
be
tw
ee
n
th
e
Un
it
ed
St
at
es
an
d
th
e
Do
mi
ni
on
of
Ca
na
da
in
vo
lv
in
g
th
e
ri
gh
ts
,
ob
li
ga
ti
on
s
or
in
te
re
st
s
.
.
.
al
on
g
th
ei
r
co
mm
on
fr
on
ti
er
an
d
to
ma
ke
pr
ov
is
io
n
fo
r
th
e
ad
ju
st
me
nt
an
d
se
tt
le
me
nt
of
al
l
su
ch
qu
es
ti
on
s
as
ma
y
he
re
af
te
r
ar
is
e.
.
.
.
"
Ju
ri
sd
ic
ti
on
ov
er
ca
se
s
in
vo
lv
in
g
an
y
us
e
or
ob
st
ru
ct
io
n
or
di
ve
rs
io
n
of
th
e
wa
te
rs
wa
s
gi
ve
n
to
th
e
Co
mm
is
si
on
.
Th
e
Co
mm
is
si
on
is
au
th
or
iz
ed
to
in
qu
ir
e
in
to
an
d
re
po
rt
wi
th
ap
pr
op
ri
at
e
re
co
mm
en
da
ti
on
s
on
qu
es
ti
on
s
or
ma
tt
er
s
ar
is
in
g
al
on
g
th
e
bo
un
da
ry
wh
ic
h
th
e
go
ve
rn
me
nt
s
re
fe
r
to
it
.
Th
e
Co
mm
is
si
on
is
co
mp
os
ed
of
3
U.
S.
an
d
3
Ca
na
di
an
co
mm
is
si
on
er
s,
ap
po
in
te
d
by
th
e
Pr
es
id
en
t
of
th
e
U.
S.
an
d
by
th
e
Ca
na
di
an
Pr
iv
y
Co
un
ci
l,
re
sp
ec
ti
ve
ly
.
Th
e
Co
mm
is
si
on
ha
s
in
qu
ir
ed
in
to
a
nu
mb
er
of
po
ll
ut
io
n
qu
es
ti
on
s
re
fe
rr
ed
to
it
by
th
e
go
ve
rn
me
nt
s.
Co
nt
in
ue
d
po
pu
la
ti
on
an
d
in
du
st
ri
al
gr
ow
th
an
d
co
nc
ur
re
nt
wa
te
r
qu
al
it
y
de
gr
ad
at
io
n
le
d
to
th
e
19
64
re
fe
re
nc
e
to
st
ud
y
po
ll
ut
io
n
pr
ob
le
ms
on
La
ke
Er
ie
,
La
ke
On
ta
ri
o,
an
d
th
e
in
te
rn
at
io
na
l
po
rt
io
n
of
th
e
St
.
La
wr
en
ce
Ri
ve
r.
Th
e
19
69
re
po
rt
by
th
e
In
te
rn
at
io
na
l
La
ke
Er
ie
Wa
te
r
Po
ll
ut
io
n
Bo
ar
d
an
d
th
e
In
te
rn
at
io
na
l
La
ke
On
ta
ri
o-
St
.
La
wr
en
ce
Ri
ve
r
Wa
te
r
Po
ll
ut
io
n
Bo
ar
d,
kn
ow
n
as
th
e
Lo
we
r
La
ke
s
Re
po
rt
(2)
,
le
d
to
th
e
Co
m—
mi
ss
io
n
re
co
mm
en
di
ng
(3)
to
th
e
fe
de
ra
l
go
ve
rn
me
nt
s
th
at
th
e
U.S
.
an
d
Ca
na
da
ag
re
e
on
ad
op
ti
on
of
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
;
pr
og
ra
ms
fo
r
re
du
ct
io
n
of
pho
sph
oru
s
dis
cha
rge
s;
con
tro
ls
and
/or
com
pat
ibl
e
reg
ula
tio
ns
on
dre
dgi
ng,
sol
id
was
te
dis
pos
al,
oil
y,
haz
ard
ous
,
or
tox
ic
mat
eri
als
,
and
shi
ppi
ng
was
tes
.
The
Com
mis
sio
n
fur
the
r
rec
omm
end
ed
tha
t
it
be
spe
cif
ica
lly
aut
hor
ize
d
to
coo
rdi
nat
e,
eva
lua
te,
and
ver
ify
the
rem
edi
al
pro
gra
ms
and
the
ir
res
ult
s.
In
res
pon
se,
the
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt
(4)
was
sig
ned
by
the
Pre
sid
ent
of
the
Uni
ted
Sta
tes
and
the
Pri
me
Min
ist
er
of
Can
ada
on
Apr
il
15,
197
2.
The
Agr
eem
ent
est
abl
ish
ed
wat
er
qua
lit
y
obj
ect
ive
s,
a
tim
eta
ble
for
red
uct
ion
of
pho
sph
oru
s l
oad
ing
s,
and
a n
ond
egr
ada
tio
n p
hil
oso
phy
.
It
pro
vid
ed
for
joi
nt
ins
tit
uti
ons
and
com
mit
ted
bot
h c
oun
tri
es
to
dev
elo
p c
om—
pat
ibl
e r
egu
lat
ion
s f
or
ves
sel
des
ign
,
con
str
uct
ion
,
and
ope
rat
ion
to
pre
ven
t
dis
cha
rge
of
har
mfu
l q
uan
tit
ies
of
oil
and
haz
ard
ous
pol
lut
ing
sub
sta
nce
s a
nd
for
con
tro
l o
f d
isc
har
ges
of
oth
er
ves
sel
was
tes
.
The
Agr
eem
ent
als
o r
equ
ire
s
moni
tori
ng
and
exch
ange
of i
nfor
mati
on i
n ac
cord
ance
with
proc
edur
es
esta
blis
hed
by
the
Comm
issi
on i
n co
nsul
tati
on w
ith
the
fede
ral,
stat
e,
and
prov
inci
al
governments.
The Agreement contained two references to the Commission, one of which
led to the establishment of the Upper Lakes Reference Group. This group is
made up of officials from the agencies or institutions having expertise and
 r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s
re
le
va
nt
to
th
e
te
rm
s
of
th
e
r
e
f
e
r
e
n
c
e
st
ud
y.
Th
e
c
o
m
p
o
s
i
—
ti
on
,
st
ud
y
pl
an
,
an
d
or
ga
ni
za
ti
on
of
th
e
Re
fe
re
nc
e
Gr
ou
p
ar
e
su
mm
ar
iz
ed
in
Ch
ap
te
r
2
of
Vo
lu
me
1;
de
ta
il
s
ar
e
gi
ve
n
in
th
e
Re
fe
re
nc
e
Gr
ou
p'
s
st
ud
y
pl
an
(5).
L
E
G
I
S
L
A
T
I
V
E
B
A
S
E
F
O
R
M
A
N
A
G
I
N
G
T
H
E
U
P
P
E
R
L
A
K
E
S
B
A
S
I
N
U.S. FEDERAL
M
A
J
O
R
L
E
G
I
S
L
A
T
I
O
N
A
N
D
S
A
L
I
E
N
T
F
E
A
T
U
R
E
S
Public Law 92-500
Th
e
l
e
g
i
s
l
a
t
i
ve
f
o
un
d
a
t
i
o
n
fo
r
wa
t
e
r
q
ua
l
i
t
y
m
a
n
a
g
e
m
e
n
t
in
th
e
U
n
i
t
e
d
St
at
es
is
P
u
b
l
i
c
L
a
w
92
—5
00
,
th
e
F
e
d
e
r
a
l
W
a
t
e
r
P
o
l
l
u
t
i
o
n
Ac
t
A
m
e
n
d
m
e
n
t
s
of
19
72
.
M
a
j
o
r
p
r
o
g
r
a
m
s
un
de
r
th
is
Ac
t
ar
e
th
e
ch
ie
f
m
e
c
h
a
n
i
s
m
s
fo
r
m
e
e
t
i
n
g
th
e
go
al
s
of
th
e
G
r
e
a
t
La
ke
s
W
a
t
e
r
Q
ua
l
i
t
y
Ag
re
em
en
t.
U
n
d
e
r
t
h
e
A
c
t
t
h
e
i
n
d
i
v
i
d
u
a
l
s
t
a
t
e
s
h
a
v
e
t
h
e
p
r
i
m
a
r
y
r
e
s
p
o
n
s
i
b
i
l
i
t
y
f
o
r
w
a
t
e
r
q
ua
l
i
t
y
co
nt
ro
l,
w
i
t
h
th
e
f
e
d
e
r
a
l
g
o
ve
r
n
m
e
n
t
in
a
s
up
p
o
r
t
i
n
g
ro
le
bu
t
ab
le
to
ta
ke
a
c
t
i
o
n
in
i
n
t
e
r
s
t
a
t
e
or
i
n
t
e
r
n
a
t
i
o
n
a
l
p
r
o
b
l
e
m
s
or
w
h
e
n
th
e
st
at
e
is unable to act.
T
h
e
A
c
t
p
r
o
v
i
d
e
s
f
e
d
e
r
a
l
f
u
n
d
i
n
g
f
o
r
c
o
n
s
t
r
u
c
t
i
o
n
of
m
u
n
i
c
i
p
a
l
s
e
w
a
g
e
t
r
e
a
t
m
e
n
t
fa
ci
li
ti
es
,
an
d
p
r
o
vi
d
e
s
fo
r
an
d
re
qu
ir
es
a
h
i
g
h
e
r
le
ve
l
of
w
a
t
e
r
q
ua
l
i
t
y
m
a
n
a
g
e
m
e
n
t
p
l
a
n
n
i
n
g
an
d
p
ub
l
i
c
p
a
r
t
i
c
i
p
a
t
i
o
n
in
pl
an
ni
ng
.
Fu
rt
he
r,
it
c
r
e
a
t
e
d
a
r
e
g
u
l
a
t
o
r
y
m
e
c
h
a
n
i
s
m
r
e
q
u
i
r
i
n
g
u
n
i
f
o
r
m
t
e
c
h
n
o
l
o
g
y
-
b
a
s
e
d
e
f
f
l
u
e
n
t
I
li
mi
ta
ti
on
s,
an
d
a
n
a
t
i
o
n
a
l
p
e
r
m
i
t
s
ys
t
e
m
fo
r
al
l
p
o
i
n
t
so
ur
ce
di
sc
ha
rg
es
.
T
h
e
o
b
j
e
c
t
i
ve
of
th
e
Ac
t
is
to
"
r
e
s
t
o
r
e
an
d
m
a
i
n
t
a
i
n
th
e
ch
em
ic
al
,
p
h
y
s
i
c
a
l
a
n
d
b
i
o
l
o
g
i
c
a
l
i
n
t
e
g
r
i
t
y
of
t
h
e
N
a
t
i
o
n
'
s
w
a
t
e
r
s
.
"
T
w
o
m
i
l
e
p
o
s
t
s
specified are:
(1
)
T
o
r
e
a
c
h
,
"
w
h
e
r
e
v
e
r
a
t
t
a
i
n
a
b
l
e
”
,
a
w
a
t
e
r
q
u
a
l
i
t
y
t
h
a
t
"
p
r
o
v
i
d
e
s
f
o
r
;
t
h
e
p
r
o
t
e
c
t
i
o
n
a
n
d
p
r
o
p
a
g
a
t
i
o
n
of
fi
sh
,
s
h
e
l
l
f
i
s
h
,
a
n
d
w
i
l
d
l
i
f
e
"
g
a
n
d
"
f
o
r
r
e
c
r
e
a
t
i
o
n
i
n
a
n
d
o
n
t
h
e
w
a
t
e
r
”
b
y
J
u
l
y
1,
1
9
8
3
.
j?
1
|
 
(2
)
T
o
e
l
i
m
i
n
a
t
e
t
h
e
d
i
s
c
h
a
r
g
e
o
f
p
o
l
l
u
t
a
n
t
s
i
n
t
o
n
a
v
i
g
a
b
l
e
w
a
t
e
r
s
b
y
g
19
85
.
gu
l:
T
h
e
A
c
t
p
r
o
v
i
d
e
s
f
o
r
a
c
h
i
e
v
i
n
g
i
t
s
g
o
a
l
s
i
n
p
h
a
s
e
s
w
i
t
h
a
c
c
o
m
p
a
n
y
i
n
g
r
e
q
u
i
r
e
m
e
n
t
s
a
n
d
d
e
a
d
l
i
n
e
s
.
I
t
a
l
s
o
r
e
q
u
i
r
e
s
t
h
a
t
w
a
t
e
r
q
u
a
l
i
t
y
b
e
m
o
n
i
t
o
r
e
d
.4
a
n
d
t
h
a
t
a
n
n
u
a
l
r
e
p
o
r
t
s
b
e
m
a
d
e
t
o
C
o
n
g
r
e
s
s
.
S
e
c
t
i
o
n
1
0
8
o
f
t
h
e
A
c
t
p
r
o
v
i
d
e
s
.4
f
o
r
a
s
p
e
c
i
a
l
p
r
o
g
r
a
m
t
o
"
d
e
v
e
l
o
p
n
e
w
m
e
t
h
o
d
s
a
n
d
t
e
c
h
n
i
q
u
e
s
.
.
.
f
o
r
t
h
e
K
e
l
i
m
i
n
a
t
i
o
n
o
r
c
o
n
t
r
o
l
o
f
p
o
l
l
u
t
i
o
n
w
i
t
h
i
n
a
l
l
o
r
a
n
y
p
a
r
t
o
f
t
h
e
w
a
t
e
r
s
h
e
d
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
.
"
I
t
f
u
r
t
h
e
r
p
r
o
v
i
d
e
s
t
h
a
t
"
s
u
c
h
p
r
o
g
r
a
m
s
h
0
u
1
d
i
n
c
l
u
d
e
m
e
a
s
u
r
e
s
t
o
c
o
n
t
r
o
l
p
o
i
n
t
s
o
u
r
c
e
s
o
f
p
o
l
l
u
t
i
o
n
;
a
r
e
a
s
o
u
r
c
e
s
o
f
p
o
l
l
u
t
i
o
n
,
i
n
c
l
u
d
i
n
g
a
c
i
d
m
i
n
e
d
r
a
i
n
a
g
e
,
u
r
b
a
n
r
u
n
o
f
f
,
a
n
d
r
u
r
a
l
r
u
n
o
f
f
;
a
n
d
i
n
—
p
l
a
c
e
s
o
u
r
c
e
s
o
f
p
o
l
l
u
t
i
o
n
,
i
n
c
l
u
d
i
n
g
b
o
t
t
o
m
l
o
a
d
s
,
s
l
u
d
g
e
b
a
n
k
s
,
a
n
d
p
o
l
l
u
t
e
d
harbor dredgings."
T
h
e
c
o
m
p
r
e
h
e
n
s
i
v
e
r
e
q
u
i
r
e
m
e
n
t
s
o
f
P
L
9
2
-
5
0
0
h
a
v
e
r
e
S
u
l
t
e
d
i
n
g
r
e
a
t
e
r
compatibility in state legislation.
year.
 
All of the states participate in the
construction grants program, all states in the Great Lakes Basin except
Illinois and Pennsylvania have permit-issuing authority under the National
Pollutant Discharge Elimination System (NPDES) program, all states have
emergency response programs, and all states must report on water quality each
Other Acts
Other Acts which effect management of the Upper Lakes include:
(1)
(2)
(3)
(4)
(5)
The Coastal Zone Management Act, which encourages the adoption of
comprehensive coastal zone management plans.
The National Environmental Policy Act (NEPA), which requires govern-
mental agencies to weigh environmental considerations in their
decision making. NEPA has served as a model for similar legislation
at the state level.
The Water Resources Planning Act established the Water Resources
Council which provides for the optimum development of natural
resources through coordinated planning of water and related land
resources.
The Clean Air Act, which requires the monitoring and reduction of
atmospheric pollution.
The Federal Insecticide, Fungicide and Rodenticide Act restricts
use of pesticides and requires thorough testing of new pesticides
for environmental and human health effects before they may be used.
MAJOR AGENCIES, THEIR FUNCTIONS AND INTERRELATIONSHIPS
The U.S. Environmental Protection Agency (EPA) is the primary federal
agency responsible
for the implementation of the Federal Water Pollution
Control Act, the National Environmental Policy Act (NEPA), the Clean Air Act,
and the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA).
The U.S.
EPA is also the lead U.S. agency in the implementation of the Great Lakes
Water Quality Agreement.
The U.S.
EPA administers the municipal construction grants program,
issues
NPDES
permits where
states
have
not been
granted
permit
authority,
publishes
guidelines
and
standards
on
levels
of
treatment,
takes
direct
enforcement
action
on interstate
or international
problems,
reviews
environ—
mental
impact
statements
required
under
NEPA,
and
administers
the
Clean Air
Act and FIFRA. '
The
National
Oceanic
and
Atmospheric
Administration
conducts
research
on
the
physical
properties
of
the
Great
Lakes
and
provides
mapping
and
weather
services.
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The U.S. Army Corps of Engineers maintains federal navigation channels
and operates the locks at Sault Ste. Marie.
The U.S. Coast Guard is responsible for marine safety on the Great Lakes
and enforces oil spill and vessel discharge regulations.
IMPLEMENTATION PROGRAMS
PL 92—500 provides federal funds for 75% of the eligible construction
costs of municipal sewage treatment plants and interceptor sewers. The
grants system also covers the cost of planning and design of municipal faci-
lities. Some states supplement federal funding through state grants. State
and
fede
ral
fund
s ob
liga
ted
betw
een
1971
and
1975
tota
l 2.
56 b
illi
on d
olla
rs
(6).
Federal regulations and programs available to assist industries in
abat
ing
poll
utio
n ar
e in
dust
rial
reve
nue
bond
s, a
ccel
erat
ed t
ax d
epre
ciat
ion,
investment tax credits, loan guarantees, and loans provided by the Small
Business Administration. Some states provide property tax exemptions, sales
and use tax exemptions, and franchise and income tax deductions.
ENFORCEMENT MECHANISMS
The
prin
cipa
l me
ans
of e
nfor
ceme
nt o
f bo
th m
unic
ipal
and
indu
stri
al
treatment requirements is the NPDES program. This system requires that all
indu
stri
es a
nd m
unic
ipal
itie
s ap
ply
for
a di
scha
rge
perm
it.
The
U.S.
EPA
or
the
stat
e ag
ency
with
perm
it a
utho
rity
issu
es t
he p
ermi
ts w
ith
effl
uent
limi
-
tati
ons.
Wher
e ad
diti
onal
trea
tmen
t fa
cili
ties
or p
roce
ss m
odif
icat
ions
are
required to meet the effluent limitations, interim limitations are specified
and
a sc
hedu
le
for
cons
truc
tion
is e
stab
lish
ed.
Disc
harg
ers
are
requ
ired
to
monitor their discharges and periodically report the results. Violations of
effluent limitations or failure to meet construction schedules result in
enfo
rcem
ent
acti
ons
whic
h in
clud
e a
warn
ing
lett
er,
an a
dmin
istr
ativ
e or
der,
or a
refe
rral
to t
he U
.S.
Atto
rney
or t
o th
e St
ate
Atto
rney
Gene
ral
aski
ng
for a civil penalty or criminal prosecution.
Eff
lue
nt
lim
ita
tio
ns
are
bas
ed
on
gui
del
ine
s p
ubl
ish
ed
by
the
U.S.
EPA
defi
ning
best
prac
tica
ble
cont
rol
tech
nolo
gy a
nd b
est
avai
labl
e co
ntro
l
tec
hno
log
y,
new
sou
rce
per
for
man
ce
sta
nda
rds
, a
nd
pre
tre
atm
ent
reg
ula
tio
ns.
Perm
its
are
issu
ed f
or a
maxi
mum
of f
ive
year
s af
ter
whic
h th
ey m
ust
be
ren
ewe
d,
at
whi
ch
tim
e a
hig
her
lev
el
of
tre
atm
ent
tec
hno
log
y m
ay
be
req
uir
ed.
OTHER FEDERAL AGENCIES
The
fol
low
ing
is
a l
ist
of
oth
er
U.S
.
fed
era
l a
gen
cie
s t
hat
are
inv
olv
ed
in p
ollu
tion
cont
rol
acti
viti
es w
ithi
n th
eir
area
of r
espo
nsib
ilit
y:
(1)
The
Dep
art
men
t o
f A
gri
cul
tur
e h
as
two
of
its
age
nci
es
wit
h p
oll
uti
on
 
con
tro
l r
esp
ons
ibi
lit
ies
:
the
For
est
Ser
vic
e a
nd
the
Soi
l C
ons
erv
ati
on
Service.
 (2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
Th
e
De
pa
rt
me
nt
of
Co
mm
er
ce
ha
s
on
e
of
it
s
ag
en
ci
es
in
vo
lv
ed
in
po
ll
ut
io
n
co
nt
ro
l
ac
ti
vi
ti
es
:
th
e
Na
ti
on
al
Oc
ea
ni
c
an
d
At
mo
sp
he
ri
c
Administration.
Th
e
De
pa
rt
me
nt
of
He
al
th
Ed
uc
at
io
n
an
d
We
lf
ar
e
ha
s
th
re
e
of
its
ag
en
ci
es
wi
th
po
ll
ut
io
n
co
nt
ro
l
re
sp
on
si
bi
li
ti
es
:
th
e
Fo
od
an
d
Dr
ug
Ad
mi
ni
st
ra
ti
on
,
th
e
Na
ti
on
al
In
st
it
ut
e
of
En
vi
ro
nm
en
ta
l
He
al
th
Sciences, and the Public Health Service.
The
Dep
art
men
t
of
Hou
sin
g
and
Urb
an
Dev
elo
pme
nt
has
som
e
res
pon
—
sibilities in pollution control.
Th
e
De
pa
rt
me
nt
of
In
te
ri
or
ha
s
ei
gh
t
of
its
ag
en
ci
es
in
vo
lv
ed
in
pol
lut
ion
con
tro
l
act
ivi
tie
s:
the
Bur
eau
of
Min
es,
the
Bur
eau
of
Ou
td
oo
r
Re
cr
ea
ti
on
,
th
e
Bu
re
au
of
Re
cl
am
at
io
n,
th
e
Na
ti
on
al
Pa
rk
Ser
vic
e,
the
Off
ice
of
Lan
d
Use
and
Wat
er
Pla
nni
ng,
the
Off
ice
of
Wat
er
Res
ear
ch
and
Tec
hno
log
y,
the
Fis
h
and
Wil
dli
fe
Ser
vic
e,
and
the Geological Survey.
The
Dep
art
men
t
of
Sta
te
has
one
of
its
age
nci
es
wit
h
pol
lut
ion
con
tro
l r
esp
ons
ibi
lit
ies
:
the
Off
ice
of
Oce
ans
and
Int
ern
ati
ona
l
Environmental and Scientific Affairs.
its agencies involved in
Engineers.
The Department of the Army has one of
pollution control: the Army Corps of
The
Dep
art
men
t o
f T
ran
spo
rta
tio
n h
as
two
of
its
age
nci
es
wit
h
pollution control responsibilities: the Coast Guard and the
Federal Highway Administration.
The
Depa
rtme
nt o
f th
e Tr
easu
ry h
as o
ne o
f it
s ag
enci
es
invo
lved
in
pollution control: the Customs Service.
Other federal agencies or organizations include the following:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(ll)
(12)
(13)
Citizens Advisory Committee on Environmental Quality
Council on Environmental Quality
Energy Research and Development Administration
Federal Energy Administration
Federal Maritime Commission
General Services Administration
National Aeronautics and Space Administration
National Commission on Water Quality
National Science Foundation
Nuclear Regulatory Commission
Smithsonian Institute
United States National Commission for UNESCO (United Nations
Educational, Scientific and Cultural Organization)
Water Resources Council
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 MICHIGAN
MA
JO
R
LE
GI
SL
AT
IO
N
AN
D
SA
LI
EN
T
FE
AT
UR
ES
Th
e
pa
ss
ag
e
of
PL
92
—5
00
ha
s
gr
ea
tl
y
al
te
re
d
th
e
le
gi
sl
at
iv
e
ba
se
up
on
Wh
ic
h
wa
te
r
po
ll
ut
io
n
co
nt
ro
l
in
Mi
ch
ig
an
is
co
nd
uc
te
d.
In
ge
ne
ra
l,
wa
te
r
po
ll
ut
io
n
co
nt
ro
l
ha
s
be
co
me
a
jo
in
t
fe
de
ra
l-
st
at
e
pr
og
ra
m
ra
th
er
th
an
pu
re
ly
a
st
at
e
pr
og
ra
m.
Im
po
rt
an
t
Mi
ch
ig
an
st
at
ut
es
ar
e
li
st
ed
be
lo
w.
By
cr
ea
ti
ng
th
e
Wa
te
r
Re
so
ur
ce
s
Co
mm
is
si
on
an
d
ou
tl
in
in
g
it
s
ma
in
st
at
u—
to
ry
re
sp
on
si
bi
li
ti
es
,
Ac
t
No
.
24
5
(P
ub
li
c
Ac
ts
of
19
29
)
is
th
e
mo
st
im
po
rt
an
t
st
at
e
st
at
ut
e
re
la
ti
ng
to
th
e
fu
nc
ti
on
s
of
th
e
Co
mm
is
si
on
.
Un
de
r
it
s
pr
o—
vi
si
on
s,
th
e
Co
mm
is
si
on
is
di
re
ct
ed
to
:
co
nt
ro
l
th
e
po
ll
ut
io
n
of
an
y
su
rf
ac
e
or
un
de
rg
ro
un
d
wa
te
rs
of
th
e
st
at
e
an
d
th
e
Gr
ea
t
La
ke
s;
co
nt
ro
l
al
te
ra
ti
on
s
to
wa
te
rc
ou
rs
es
of
al
l
ri
ve
rs
an
d
st
re
am
s;
es
ta
bl
is
h
po
ll
ut
io
n
st
an
da
rd
s
fo
r
a
l
l
w
a
t
e
r
s
of
th
e
st
at
e;
e
xa
m
i
n
e
an
d
ce
rt
if
y
o
p
e
r
a
t
o
r
s
of
i
n
d
us
t
r
i
a
l
w
a
s
t
e
tr
ea
tm
en
t
fa
ci
li
ti
es
di
sc
ha
rg
in
g
wa
st
es
in
to
th
e
wa
te
rs
of
th
e
st
at
e;
is
su
e
pe
rm
it
s
fo
r
al
l
di
sc
ha
rg
er
s
to
th
e
wa
te
rs
of
th
e
st
at
e;
re
qu
ir
e
th
e
re
gi
st
ra
-
ti
on
of
al
l
ma
nu
fa
ct
ur
ed
pr
od
uc
ts
,
pr
od
uc
ti
on
ma
te
ri
al
s,
an
d
wa
st
e
pr
od
uc
ts
wh
er
e
ce
rt
ai
n
wa
st
es
ar
e
di
sc
ha
rg
ed
;
an
d
as
se
ss
an
an
nu
al
su
rv
ei
ll
an
ce
fe
e
to
waste dischargers.
In
a
d
d
i
t
i
o
n
to
th
es
e
s
t
a
t
ut
o
r
y
re
qu
ir
em
en
ts
,
th
e
C
o
m
m
i
s
s
i
o
n
is
a
ut
h
o
r
i
ze
d
to
i
s
s
ue
p
e
r
m
i
t
s
w
h
i
c
h
i
n
c
l
ud
e
p
e
r
f
o
r
m
a
n
c
e
ti
me
ta
bl
es
r
e
q
ui
r
i
n
g
r
e
m
e
d
i
a
l
an
d
p
r
e
v
e
n
t
i
v
e
m
e
a
s
u
r
e
s
to
c
o
n
t
r
o
l
po
ll
ut
io
n,
se
ek
co
ur
t
e
n
f
o
r
c
e
m
e
n
t
of
it
s
pe
rm
it
s,
co
op
er
at
e
an
d
ne
go
ti
at
e
wi
th
ot
he
r
go
ve
rn
me
nt
s
an
d
go
ve
rn
me
nt
al
un
it
s,
an
d
co
or
di
na
te
wi
th
an
y
ac
t
of
th
e
U.
S.
Co
ng
re
ss
.
A
c
t
No
.
24
5
f
ur
t
h
e
r
p
r
o
vi
d
e
s
an
d
a
ut
h
o
r
i
ze
s
r
e
a
s
o
n
a
b
l
e
en
tr
y
fo
r
i
n
s
p
e
c
t
i
o
n
p
ur
p
o
s
e
s
an
d
m
o
n
i
t
o
r
i
n
g
,
th
e
p
r
o
m
u
l
g
a
t
i
o
n
of
ru
le
s,
p
e
n
a
l
t
y
p
r
o
vi
s
i
o
n
s
an
d
ap
pe
al
s,
an
d
o
t
h
e
r
p
r
o
c
e
d
ur
e
s
n
e
c
e
s
s
a
r
y
fo
r
th
e
C
o
m
m
i
s
s
i
o
n
to
ca
rr
y
ou
t
it
s
functions.
A
c
t
No
.
32
9
(
P
u
b
l
i
c
A
c
t
s
of
19
66
)
e
s
t
a
b
l
i
s
h
e
s
a
s
t
a
t
e
w
a
t
e
r
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
f
un
d
to
a
s
s
i
s
t
lo
ca
l
g
o
ve
r
n
m
e
n
t
a
l
un
it
s
in
f
i
n
a
n
c
i
n
g
c
o
n
s
t
r
uc
t
i
o
n
of
w
a
s
t
e
w
a
t
e
r
t
r
e
a
t
m
e
n
t
wo
rk
s.
Ot
he
r
p
r
o
vi
s
i
o
n
s
of
th
e
Ac
t
o
ut
l
i
n
e
th
e
r
e
q
ui
r
e
-
m
e
n
t
s
of
an
O
f
f
i
c
i
a
l
P
l
a
n
an
d
th
e
f
o
r
m
ul
a
by
w
h
i
c
h
p
r
i
o
r
i
t
y
is
a
s
s
i
g
n
e
d
to
treatment works projects.
T
h
e
S
o
i
l
E
r
o
s
i
o
n
a
n
d
S
e
d
i
m
e
n
t
a
t
i
o
n
C
o
n
t
r
o
l
A
c
t
(
A
c
t
No
.
3
4
7
,
P
u
b
l
i
c
A
c
t
s
o
f
1
9
7
2
)
a
u
t
h
o
r
i
z
e
s
t
h
e
W
a
t
e
r
R
e
s
o
u
r
c
e
s
C
o
m
m
i
s
s
i
o
n
,
i
n
c
o
o
p
e
r
a
t
i
o
n
w
i
t
h
t
h
e
M
i
c
h
i
g
a
n
D
e
p
a
r
t
m
e
n
t
of
A
g
r
i
c
u
l
t
u
r
e
,
to
i
m
p
l
e
m
e
n
t
a
c
o
m
p
r
e
h
e
n
s
i
v
e
s
t
a
t
e
w
i
d
e
s
o
i
l
e
r
o
s
i
o
n
an
d
se
di
me
nt
c
o
n
t
r
o
l
pr
og
ra
m.
T
h
e
L
i
q
u
i
d
I
n
d
u
s
t
r
i
a
l
W
a
s
t
e
H
a
u
l
e
r
s
A
c
t
(
A
c
t
N
o
.
1
3
6
,
P
u
b
l
i
c
A
c
t
s
o
f
1
9
6
9
)
g
i
v
e
s
t
h
e
W
a
t
e
r
R
e
s
o
u
r
c
e
s
C
o
m
m
i
s
s
i
o
n
t
h
e
a
u
t
h
o
r
i
t
y
t
o
l
i
c
e
n
s
e
a
l
l
p
e
r
s
o
n
s
e
n
g
a
g
e
d
i
n
t
h
e
b
u
s
i
n
e
s
s
o
f
r
e
m
o
v
i
n
g
l
i
q
u
i
d
i
n
d
u
s
t
r
i
a
l
w
a
s
t
e
s
f
r
o
m
t
h
e
p
r
e
m
i
s
e
s
of
a
n
o
t
h
e
r
,
i
n
c
l
u
d
i
n
g
t
h
e
l
i
c
e
n
s
i
n
g
of
a
l
l
v
e
h
i
c
l
e
s
u
s
e
d
to
t
r
a
n
—
sp
or
t
th
e
l
i
q
ui
d
i
n
d
us
t
r
i
a
l
wa
st
es
.
T
h
e
W
a
t
e
r
c
r
a
f
t
P
o
l
l
u
t
i
o
n
C
o
n
t
r
o
l
A
c
t
(A
ct
No
.
16
7,
P
u
b
l
i
c
A
c
t
s
of
1
9
7
0
)
s
t
r
e
n
g
t
h
e
n
e
d
a
n
d
e
x
p
a
n
d
e
d
M
i
c
h
i
g
a
n
'
s
w
a
t
e
r
c
r
a
f
t
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
p
r
o
g
r
a
m
35
  
  
wh
ic
h
ha
d
be
en
in
ef
fe
ct
un
de
r
Wa
te
r
Re
so
ur
ce
s
Co
mm
is
si
on
ad
mi
ni
st
ra
ti
ve
ru
le
s.
Ef
fe
ct
iv
e
Ja
nu
ar
y
1,
19
71
,
al
l
to
il
et
-e
qu
ip
pe
d
wa
te
rc
ra
ft
mo
or
ed
or
op
er
at
ed
on
Mi
ch
ig
an
wa
te
rs
mu
st
be
eq
ui
pp
ed
wi
th
se
lf
-c
on
ta
in
ed
ma
ri
ne
to
il
et
s
or
in
ci
ne
ra
ti
ng
de
vi
ce
s
to
pr
ev
en
t
al
l
ov
er
bo
ar
d
di
sc
ha
rg
e
of
se
wa
ge
wa
st
es
.
In
ad
di
ti
on
,
th
e
Ac
t
re
qu
ir
es
th
at
al
l
ma
ri
na
s
ca
pa
bl
e
of
ha
nd
li
ng
15
or
mo
re
wa
te
rc
ra
ft
be
eq
ui
pp
ed
wi
th
ma
ri
ne
to
il
et
pu
mp
-o
ut
fa
ci
li
ti
es
.
Th
e
Cl
ea
ni
ng
Ag
en
ts
an
d
Wa
te
r
Co
nd
it
io
ne
rs
Ac
t
(A
ct
No
.
22
6,
Pu
bl
ic
Ac
ts
of
19
71
)
li
mi
ts
th
e
am
ou
nt
of
el
em
en
ta
l
ph
os
ph
or
us
wh
ic
h
ma
y
be
co
nt
ai
ne
d
in
a
cl
ea
ni
ng
ag
en
t
af
te
r
Ju
ly
1,
19
72
,
to
8.
7%
.
In
ad
di
ti
on
,
th
e
Ac
t
au
th
or
iz
es
th
e
Wa
te
r
Re
so
ur
ce
s
Co
mm
is
si
on
to
pr
om
ul
ga
te
ru
le
s
to
fu
rt
he
r
re
st
ri
ct
th
e
nu
tr
ie
nt
co
nt
en
t
or
ot
he
r
co
nt
en
ts
of
cl
ea
ni
ng
ag
en
ts
an
d
wa
te
r
co
nd
it
io
ne
rs
to prevent unlawful pollution.
Ac
t.
No
.
98
(P
ub
li
c
Ac
ts
of
19
13
)
re
qu
ir
es
th
e
ce
rt
if
ic
at
io
n
of
mu
ni
ci
pa
l
wa
st
ew
at
er
tr
ea
tm
en
t
pl
an
t
op
er
at
or
s
an
d
is
su
an
ce
of
pe
rm
it
s
fo
r
co
ns
tr
uc
ti
on
of
mu
ni
ci
pa
l
wa
st
ew
at
er
tr
ea
tm
en
t
fa
ci
li
ti
es
.
Bo
th
co
ll
ec
ti
on
an
d
tr
ea
tm
en
t
are covered by this legislation.
MA
JO
R
AG
EN
CI
ES
,
TH
EI
R
FU
NC
TI
ON
S
AN
D
IN
TE
RR
EL
AT
IO
NS
HI
PS
Th
e
ag
en
ci
es
re
sp
on
si
bl
e
fo
r
th
e
pr
ot
ec
ti
on
of
th
e
Gr
ea
t
La
ke
s
en
vi
ro
n-
me
nt
in
Mi
ch
ig
an
ar
e
th
e
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
(DN
R)
an
d
the Michigan Department of Public Health.
The
Mic
hig
an
DNR
is
the
pri
mar
y
age
ncy
res
pon
sib
le
for
pre
ser
vin
g,
pro
tec
tin
g,
and
res
tor
ing
the
wat
ers
of
the
sta
te
for
the
ir
des
ign
ate
d
use
s.
Thi
s i
s d
one
by
est
abl
ish
ing
wat
er
qua
lit
y s
tan
dar
ds
for
rec
eiv
ing
wat
ers
,
iss
uin
g
and
enf
orc
ing
NPD
ES
and
sta
te
was
tew
ate
r
dis
cha
rge
per
mit
s,
and
mon
ito
rin
g b
oth
dis
cha
rge
s a
nd
rec
eiv
ing
wat
ers
.
Und
er
the
fed
era
l a
nd
sta
te
ass
ist
ed
con
str
uct
ion
gra
nts
pro
gra
m,
fun
ds
are
ava
ila
ble
to
mun
ici
pal
iti
es
for
the
con
str
uct
ion
of
was
te
tre
atm
ent
wor
ks.
The
DNR
is
als
o r
esp
ons
ibl
e
for
the
pre
ser
vat
ion
and
pro
pag
ati
on
of
fis
h a
nd
wil
dli
fe.
The
Mic
hig
an
Dep
art
men
t o
f P
ubl
ic
Hea
lth
is
res
pon
sib
le
for
the
ide
nti
—
fic
ati
on
and
con
tro
l o
f h
uma
n h
eal
th
pro
ble
ms.
Thi
s i
ncl
ude
s p
rot
ect
ing
the
qua
lit
y o
f p
ubl
ic
wat
er
sup
pli
es
and
pro
tec
tin
g a
gai
nst
rad
ioa
cti
vit
y i
n t
he
environment.
FEDERAL AND STATE RELATIONSHIPS
As p
oint
ed o
ut a
bove
, t
he w
ater
poll
utio
n co
ntro
l pr
ogra
m in
Mich
igan
was
prim
aril
y a
stat
e pr
ogra
m be
fore
1972
.
Sinc
e th
e pa
ssag
e of
PL 9
2—50
0,
the
prog
ram
has
beco
me a
join
t f
eder
al—s
tate
effo
rt.
Much
of t
he j
oint
res-
pons
ibil
ity
has
been
dele
gate
d to
the
stat
e an
d is
thus
hand
led
in a
simi
lar
manner as before. Nevertheless, the federal role has been considerably
expanded. Details of the federal—state relationship in various functions are
outlined in the state program plan which is submitted each year to qualify
for federal grant funds. The more important relationships are discussed
below.
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 IMPLEMENTATION PROGRAMS
Th
re
e
ma
in
ac
ti
vi
ti
es
ar
e
in
vo
lv
ed
in
co
nt
ro
ll
in
g
wa
te
r
po
ll
ut
io
n:
st
an
da
rd
s,
en
fo
rc
em
en
t,
an
d
mo
ni
to
ri
ng
.
Th
es
e
th
re
e
ac
ti
vi
ti
es
mu
st
be
pr
op
er
ly
in
te
gr
at
ed
to
ac
hi
ev
e
hi
gh
qu
al
it
y
wa
te
rs
.
St
an
da
rd
s
fo
r
re
ce
iv
in
g
wa
te
rs
ar
e
se
t
by
th
e
st
at
e.
Th
ey
es
se
nt
ia
ll
y
de
fi
ne
wh
at
is
un
ac
ce
pt
ab
le
po
ll
ut
io
n.
Wi
th
ou
t
th
is
ty
pe
of
de
fi
ni
ti
on
,
"p
ol
lu
ti
on
"
is
a
ve
ry
ne
bu
lo
us
te
rm
.
Ef
fl
ue
nt
gu
id
el
in
es
ar
e
se
t
by
th
e
U.
S.
EPA
.
Th
ey
ar
e
ba
si
ca
ll
y
ef
fl
ue
nt
st
an
da
rd
s
to
be
me
t,
un
le
ss
th
ey
ca
us
e
re
ce
iv
in
g
wa
te
r
st
an
da
rd
s
to
be
vi
ol
at
ed
.
In
th
at
ca
se
mo
re
re
st
ri
ct
iv
e
ef
fl
ue
nt
li
mi
ta
ti
on
s
ar
e
es
ta
bl
is
he
d.
En
fo
rc
em
en
t
in
cl
ud
es
th
e
is
su
in
g
of
wa
st
ew
at
er
di
sc
ha
rg
e
pe
rm
it
s
an
d
en
Su
ri
ng
th
at
th
ey
ar
e
co
mp
li
ed
wi
th
.
Th
e
di
sc
ha
rg
e
li
mi
ta
ti
on
s
co
nt
ai
ne
d
wi
th
in
th
e
pe
rm
it
s
ar
e
ba
se
d
on
th
e
st
an
da
rd
s.
Th
e
pe
rm
it
s
al
so
co
nt
ai
n
sc
he
du
le
s
of
co
mp
li
an
ce
wh
ic
h
se
t
fo
rt
h
th
e
st
ep
s
ne
ed
ed
to
me
et
st
an
da
rd
s
if
th
ey
ca
nn
ot
be
me
t
at
pr
es
en
t.
Th
e
mo
ni
to
ri
ng
ac
ti
vi
ty
in
cl
ud
es
st
ud
ie
s
of
bo
th
ef
fl
ue
nt
s
an
d
re
ce
iv
in
g
wa
te
r
qu
al
it
y.
It
in
cl
ud
es
st
ud
ie
s
of
wa
te
r,
se
di
me
nt
s,
th
e
fi
sh
an
d
ot
he
r
bi
ol
og
ic
al
or
ga
ni
sm
s
in
th
e
wa
te
r,
an
d
in
so
me
ca
se
s
th
e
at
mo
sp
he
re
.
Mo
ni
—
to
ri
ng
su
pp
or
ts
bo
th
th
e
st
an
da
rd
s
an
d
en
fo
rc
em
en
t
ac
ti
vi
ti
es
.
A
fo
ur
th
ac
ti
vi
ty
,
th
e
mu
ni
ci
pa
l
co
ns
tr
uc
ti
on
gr
an
t
pr
og
ra
m,
ha
s
be
co
me
ve
ry
im
po
rt
an
t
in
Mi
ch
ig
an
's
wa
te
r
po
ll
ut
io
n
co
nt
ro
l
ef
fo
rt
.
To
as
si
st
co
m-
mu
ni
ti
es
in
pl
an
ni
ng
an
d
co
ns
tr
uc
ti
ng
wa
st
ew
at
er
tr
ea
tm
en
t
fa
ci
li
ti
es
,
co
ns
-
tr
uc
ti
on
gr
an
t
mo
ni
es
ar
e
av
ai
la
bl
e
fr
om
th
e
fe
de
ra
l
go
ve
rn
me
nt
an
d
th
e
st
at
e.
Mu
ni
ci
pa
li
ti
es
ma
y
ap
pl
y
fo
r
fe
de
ra
l
gr
an
ts
to
co
ve
r
75
%
of
th
e
el
ig
ib
le
co
st
an
d
st
at
e
gr
an
ts
fo
r
20
%
of
th
e
el
ig
ib
le
co
st
s.
Th
e
Mi
ch
ig
an
DN
R
an
d
th
e
U.
S.
EP
A
jo
in
tl
y
ad
mi
ni
st
er
th
is
pr
og
ra
m.
ENFORCEMENT MECHANISMS
Ef
fl
ue
nt
fr
om
tr
ea
tm
en
t
fa
ci
li
ti
es
is
mo
ni
to
re
d
pe
ri
od
ic
al
ly
by
th
e
Mi
ch
ig
an
DN
R.
In
ad
di
ti
on
,
di
sc
ha
rg
er
s
ar
e
re
qu
ir
ed
by
NP
DE
S
pe
rm
it
s
to
co
nd
uc
t
re
gu
la
r
se
lf
-m
on
it
or
in
g.
An
y
di
sc
ha
rg
e
of
po
ll
ut
an
ts
ab
ov
e
th
e
am
ou
nt
sp
ec
if
ie
d
in
th
e
NP
DE
S
pe
rm
it
or
an
y
vi
ol
at
io
n
of
th
e
co
mp
li
an
ce
sc
he
du
le
su
bj
ec
ts
th
e
di
sc
ha
rg
er
to
po
ss
ib
le
en
fo
rc
em
en
t
ac
ti
on
.
Th
is
ac
ti
on
co
ns
is
ts
of
on
e
or
a
co
mb
in
at
io
n
of
se
ve
ra
l
en
fo
rc
em
en
t
re
me
di
es
,
de
pe
nd
in
g
on
th
e
si
tu
at
io
n.
Th
es
e
in
cl
ud
e
en
fo
rc
em
en
t
le
tt
er
s,
no
ti
ce
s
of
no
n—
co
m—
pl
ia
nc
e,
no
ti
ce
s
of
vi
ol
at
io
n,
ap
pe
ar
an
ce
s
be
fo
re
th
e
Mi
ch
ig
an
Wa
te
r
Re
so
ur
ce
s
Co
mm
is
si
on
,
Wa
te
r
Re
so
ur
ce
s
Co
mm
is
si
on
Or
de
rs
,
an
d,
as
a
fi
na
l
ac
ti
on
,
li
ti
-
ga
ti
on
ag
ai
ns
t
th
e
di
sc
ha
rg
er
.
Li
ti
ga
ti
on
ma
y
be
us
ed
to
re
co
ve
r
ci
vi
l
pe
na
lt
ie
s
of
up
to
$1
0,
00
0
a
da
y
or
cr
im
in
al
pe
na
lt
ie
s
of
up
to
$5
0,
00
0
pe
r
da
y.
Th
es
e
sa
me
ty
pe
s
of
en
fo
rc
em
en
t
ac
ti
on
s
ca
n
be
ta
ke
n
ag
ai
ns
t
a
no
n—
pe
rm
it
te
d
di
sc
ha
rg
e
su
ch
as
an
oi
l
sp
il
l.
a
.
i
5
.
L
.
s
h
i
n
.
 
 MINNESOTA
MAJOR LEGISLATION AND SALIENT FEATURES
In 1945, the Water Pollution Control Act (Minn. Stat. Chapter 115) esta-
blished the Water Pollution Control Commission, the precursor of the Minnesota
Pollution Control Agency. The Commission was charged with enforcing the
state's water pollution laws, cooperating with other governmental bodies, and
setting up a permit system for and gathering information on disposal systems.
In 1967, the Minnesota Pollution Control Agency was createdby Minn.
Stat. Chapter 116 which abolished the Water Pollution Control Commission and
transferred its functions and powers to the Agency. The Agency was also
given authority over air quality control and solid waste management.
In 1969, citizens were put under an affirmative duty to notify the
Agency of discharges and to recover the pollutants (Minn. Stat. 115.061) and
the Agency was givenpower to direct the immediate discontinuance or abate-
ment of pollution in emergency situations, where there is an "imminent and
substantial danger to the health and welfare of the state" (Minn. Stat.
116.11).
In 1971, a special fund was created (Minn. Stat. 116.18) to be granted
and disbursed by the Agency to municipalities and agencies of the state in
aid of the construction of wastewater treatment facilities.
In 1973, the Agency was given authority to enforce orders, permits,
standards, and regulations by criminal prosecution, civil penalties, injunctive
relief, or actions to compel performance (Minn. Stat. 115.071). In addition,
the Agency obtained authority to enforce the provisions in any NPDES permit
issued by the Agency.
MAJOR AGENCIES, THEIR FUNCTIONS AND INTERRELATIONSHIPS
The agencies primarily responsible for the protection of the Great Lakes
environment in Minnesota include the Minnesota Pollution Control Agency, De—
partment of Natural Resources, Department of Health, and the Environmental
Quality Council.
The Minnesota Pollution Control Agency is responsible for preserving,
protecting, and restoring the waters of the state for their designated uses
through a program of data collection,
standards establishment, NPDES and
state disposal permits, requirements for treatment plant construction, com-
pliance monitoring, and enforcement.
Under the federal and state assisted
construction grants program, monies are available to eligible municipal
applicants for the construction of waste treatment works.
Enforcement actions
are taken when upgrading of pollution sources is not undertaken or is con—
sidered inadequate.
The Department
of
Natural
Resources
is
responsible
for
the
preservation
and propagation
of
fish
and wildlife
in
the
state.
This
includes
sampling
of
38
  
fish and chemical parameters to evaluate suitability of waters. In con—
junc
tion
with
this
resp
onsi
bili
ty,
they
beco
me c
once
rned
with
fish
and
wild
-
life habitat and water levels in all forms of water bodies.
The Department of Health is responsible for the identification and
control of human health problems in the state. This includes the sampling
for
path
ogen
s or
toxi
c pa
rame
ters
in w
ater
bodi
es w
hich
are
used
for
dome
stic
consumption or whole body contact.
The Environmental Quality Council was established in 1973 (Minn. Stat.
Chap
ter
116C
) as
the
coor
dina
ting
body
for
agen
cies
conc
erne
d wi
th n
atur
al
resources in the state. The council also has authority over the preparation
of e
nvir
onme
ntal
impa
ct s
tate
ment
s an
d th
e si
ting
of p
ower
plan
ts.
The
Di-
rect
or o
f th
e Mi
nnes
ota
Poll
utio
n Co
ntro
l Ag
ency
has
a pe
rman
ent
seat
on t
he
council.
FEDERAL AND STATE RELATIONSHIPS
In M
inne
sota
the
fede
ral—
stat
e re
lati
onsh
ip
for
the
abat
emen
t of
poll
utio
n
main
ly e
xist
s be
twee
n th
e Mi
nnes
ota
Poll
utio
n Co
ntro
l Ag
ency
and
the
U.S.
EPA.
The
prim
ary
impe
tus
for
the
fede
ral
prog
ram
is P
L 92
—500
. T
his
Act,
whil
e pr
eser
ving
the
cons
titu
tion
al r
ight
s of
the
stat
es,
expa
nded
the
fede
ral
rol
es
in
wat
er
pol
lut
ion
con
tro
l.
The
res
ult
has
bee
n a
n u
npr
ece
den
ted
lev
el
of
sta
te
and
fed
era
l c
oop
era
tio
n i
n p
oll
uti
on
aba
tem
ent
pro
gra
ms.
Thi
s
coop
erat
ion
is d
ispl
ayed
in t
he s
tate
admi
nist
rati
on o
f th
e fe
dera
l gr
ants
pro
gra
m,
the
nat
ion
al
per
mit
pro
gra
m,
and
sta
te
use
of
the
nat
ion
al
dat
a
sys
tem
for
wat
er
qua
lit
y i
nfo
rma
tio
n.
In
add
iti
on,
sta
te
reg
ula
tio
ns
hav
e
bee
n d
eve
lop
ed
whi
ch
ins
ure
tha
t e
ffl
uen
t s
tan
dar
ds
are
app
lie
d w
hic
h i
nco
rpo
rat
e
the requirements of both federal and state governments.
IMPLEMENTATION PROGRAMS
The
Adm
ini
str
ati
on
of
the
NPD
ES
per
mit
pro
gra
m i
s t
he
too
l u
sed
to
re—
gul
ate
poi
nt
sou
rce
dis
cha
rge
s t
o t
he
wat
ers
of
the
sta
te
and
a p
erm
it
is
requ
ired
for
all
disc
harg
es.
NPDE
S pe
rmit
s ha
ve b
een
issu
ed t
o al
l di
s-
cha
rge
rs
in
the
sta
te
exc
ept
in
tho
se
cas
es
whe
re
hea
rin
gs
are
pen
din
g t
o
res
olv
e c
hal
len
ges
.
The
eff
lue
nt
lim
ita
tio
ns
con
tai
ned
in
the
NPD
ES
per
mit
s
are
bas
ed
on
the
mos
t r
est
ric
tiv
e c
rit
eri
a f
rom
a v
ari
ety
of
reg
ula
tio
ns
and
gui
del
ine
s.
The
se
inc
lud
e t
he
U.S.
EPA
bes
t p
rac
tic
abl
e c
ont
rol
tec
hno
log
y
req
uir
eme
nt,
the
fed
era
l s
eco
nda
ry
tre
atm
ent
req
uir
eme
nt,
sta
te
eff
lue
nt
sta
nda
rds
,
and
lim
ita
tio
ns
dev
elo
ped
by
app
rop
ria
te
was
te
loa
d a
llo
cat
ion
stu
die
s t
o p
rot
ect
wat
er
qua
lit
y s
tan
dar
ds.
In
tho
se
cas
es
whe
re
a d
is—
cha
rge
r i
s n
ot
in
com
pli
anc
e w
ith
the
lim
ita
tio
ns
spe
cif
ied
in
the
per
mit
, a
com
pli
anc
e s
che
dul
e i
s i
nco
rpo
rat
ed.
Bas
ed
on
the
se
per
mit
s a
nd
com
pli
anc
e
sch
edu
les
, a
sys
tem
ati
c p
roc
ess
is
ava
ila
ble
to
ins
ure
com
pli
anc
e w
ith
fed
era
l
and state requirements.
To
ass
ist
com
mun
iti
es
in
pla
nni
ng
and
con
str
uct
ing
was
tew
ate
r t
rea
tme
nt
fac
ili
tie
s,
con
str
uct
ion
gra
nt
mon
ies
are
ava
ila
ble
fro
m t
he
fed
era
l g
ove
rn—
ment
and
the
stat
e.
Muni
cipa
liti
es m
ay a
pply
for
fede
ral
gran
ts t
o co
ver
75%
of
the
eli
gib
le
cos
t a
nd
sta
te
gra
nts
for
15%
of
the
eli
gib
le
cos
ts.
The
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 Minnesota Pollution Control Agency administers both the state program and the
federal program in cooperation with the U.S. EPA. The federal allotment to
the state for fiscal year 1976 was approximately $172,000,000. Since grant
money is limited, it is dispensed on a priority basis. The annual Project
List names the projects to be funded for a given year and reflects the state's
priority in providing funds for constructing municipal treatment plants. The
Municipal Needs List is a listing of all communities that have inadequate
sewage treatment facilities and are being considered for state and federal
grant monies.
ENFORCEMENT MECHANISMS
Effluent from treatment facilities is monitored by the Minnesota Pol—
lution Control Agency and, in addition, the discharger is required by the
NPDES permit to conduct regular monitoring. Any discharge of pollutants
above the amount specified in the NPDES permit or any violation of the com-
pliance schedule is considered a violation and subjects the discharger to
possible enforcement action. This action consists of one or a combination of
several enforcement remedies, depending on the situation. These include
enforcement letters, notices of non—compliance, citations for violations,
"show cause orders" to appear before the Agency Board, stipulated settle—
ments, and, as a final action, litigation against a discharger. Litigation
may be used to recover civil penalties of up to $10,000 a day or criminal
penalties of up to $25,000 and/or imprisonment for one year. These same
types of enforcement actions can be taken against a non—permitted discharge
such as an oil spill. In those cases where a permit has not been issued as a
result of a disagreement over permit requirements, public hearings are con-
ducted to resolve the contested permit requirements.
WISCONSIN
MAJOR LEGISLATION AND SALIENT FEATURES
The Water Resources Act (Chapter 614, Laws of 1965) transferred water
quality and regulatory activities to the Department of Resource Development.
A further consolidation of state government on July 1, 1968 established
the
Wisconsin Department of Natural Resources.
The Department has authority to
issue orders
(Chapter 144, Wisconsin
Statutes).
It may issue general orders
and adopt rules applicable throughout the state for the construction,
instal—
lation, use,
and operation of practicable and available systems, methods, and
means for preventing and abating pollution of waters of the state.
Chapter
144 also established the state grant program for funding municipal projects.
A
seven-member Natural
Resources
Board
appointed
by
the
governor
provides
’policy
and
general
direction
for
the
Department.
The
Wisconsin
Department
of
Justice
is
the
enforcement
agency
for
order
and
permit
violations.
The Wisconsin
Environmental
Policy Act
(Section
1.11,
Wisconsin
Statutes),
which
became
effective
on
April
19,
1972,
requires
all
agencies
of
the
state
to
prepare
environmental
impact
statements
on
all
major
proposals
for
legis—
lation
or
other
major
activities.
This
is
in
parallel
with
the
requirements
of
the
federal
National
Environmental
Policy
Act.
40
 Chapter
147
of
the
Wisconsin
Statutes
was
enacted
in
response
to
PL
92-
500
and
authorizes
the
Department
to
administer
the
NPDES
permit
program.
This
authority
was
given
to
the
Department
by
the
U.S.
EPA
on
February
4,
1974.
Chapter
33
of
the
Wisconsin
Statutes
authorizes
the
Department
to
esta-
blish
the
Inland
Lakes
Protection
and
Rehabilitation
Council
to
advise
the
Department
regarding
inland
lakes
and
provides
funds
for
studies
and
demons—
tration
projects.
Chapter
30
requires
boat
holding
tanks,
makes
it
unlawful
to
divert
water
from
lakes
or
streams
without
a
permit,
and
requires
a
permit
for
construction
in
or
near
navigable
waters.
Chapter
29
prohibits
throwing
refuse,
abandoning
automobiles,
and
discharging
deleterious
substances
to
the
waters
of
the
state.
It
authorizes
the
Department
to
recover
damages
for
fish
kills.
Chapter
59
requires
zoning
of
shorelands
in
unincorporated
areas.
Chapter
87
requires
municipalities
to
adopt
floodplain
regulations.
Chapter
146
requires
the
Department
to
regulate
the
disposal
of
septic
tank
pumpage.
MAJOR
AGENCIES,
THEIR
FUNCTIONS
AND
INTERRELATIONSHIPS
Agencies
responsible
for
the
protection
of
the
Great
Lakes
environment
in
Wisconsin
include
the
Wisconsin
Department
of
Natural
Resources
(DNR),
the
Wisconsin
Department
of
Health
and
Social
Services,
the
Board
of
Soil
and
Water
Conservation
Districts,
and
the
Department
of
Justice
(Attorney
General).
The
Wisconsin
DNR
is
the
lead
agency
and
is
responsible
for
preserving,
protecting,
and
restoring
the
waters
of
the
state
for
their
designated
uses
through
programs
of
data
collection,
standards
establishment,
NPDES
permits,
orders,
municipal
construction
grants,
and
compliance
monitoring.
The
Department
of
Justice
enforces
by
civil
or
criminal
actions
compliance
with
Wisconsin
DNR
orders
and
permit
requirements.
The
Department
of
Health
and
Social
Services
is
responsible
for
the
installation
of
plumbing
including
septic
tank
absorption
systems,
swimming
beaches
and
pools,
boat
toilet
facilities,
and
the
Radiation
Protection
Code.
The
Board
of
Soil
and
Water
Conservation
Districts
has
authority
in
land
management
and
has
potential
to
control
nonpoint
source
pollution.
FEDERAL
AND
STATE
RELATIONSHIPS
The
federal—state
relationship
for
the
abatement
of
pollution
mainly
exists
between
the
Wisconsin
Department
of
Natural
Resources
and
the
U.S.
EPA.
The
primary
impetus
for
the
federal
program
is
PL
92—500.
This
Act,
while
preserving
the
constitutional
rights
of
the
states,
expanded
the
federal
role
in
water
pollution
control.
The
result
has
been
an
unprece—
dented
level
of
state
and
federal
cooperation
in
pollution
abatement
programs.
This
cooperation
is
displayed
in
the
state
administration
of
the
federal
grants
program
and
the
national
permits
program.
In
addition,
state
regu—
lations
have
been
developed
which
insure
that
effluent
standards
are
applied
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 which incorporate the requirements of both federal and state governments.
An
example of this is the Wisconsin Environmental Protection Act which parallels
the National Environmental Policy Act.
IMPLEMENTATION PROGRAMS
Since 1950, Wisconsin has employed a systematic approach to pollution
control in each of the state's 28 major drainage basins.
In each basin, on a
four-to-seven year cycle,
investigations were
madeover a one year period on
all point sources of pollution to determine their impact on receiving waters.
Following the field investigations,
a comprehensive
report was prepared and a
hearing held during which testimony under oath was presented and witnesses
were subject to examination by interested parties.
Orders were issued to
municipal and industrial
dischargers on the basis of the report and the
hearings.
This system was modified during 1974 when the state assumed responsibility
for
the NPDES
program.
The
issuance
of orders
has
been
substantially
replaced
by the issuance of permits.
The scope of the surveys is being enlarged to
consider nonpoint as well as point sources of pollution and
the reports are
used
primarily
for
planning
purposes.
A
total
of
1,576
NPDES
permits
have
been
issued
in
the
state,
including
997
industrial
and
579
municipal
permits.
The
effluent
limitations
contained
in
these
permits
are
based
on
criteria
from
a
variety
of
regulations
and
guidelines.
These
include
the
U.S.
EPA
best
practicable
control
technology,
federal
secondary
treatment
require—
ments,
and
state
effluent
standards
and
limitations
developed
by
waste
load
allocation
studies.
When
a
discharge
is
not
in
compliance
with
the
limitations
specified
in
the
permit,
a
compliance
schedule
is
incorporated.
Grants
are
available
from
the
state
and
federal
governments
to
assist
municipalities
in
planning
and
constructing
the
wastewater
facilities
required
to
meet
permit
conditions.
Municipalities
may
apply
for
federal
grants
to
cover
75%
of
the
eligible
costs.
State
grants
are
available
for
25%
of
project
costs
where
federal
funding
is
not
available.
Wisconsin
received
a
federal
allocation
of
$145,327,400
during
1976
for
municipal
planning
and
construction
grants.
These
funds
are
dispersed
on
a
priority
basis
according
to
a
priority
list
maintained
by
the
Wisconsin
DNR.
ENFORCEMENT MECHANISMS
NPDES
permits
require
dischargers
to
periodically
monitor
their
discharges
and
report
the
results
to
the
Wisconsin
DNR,
which
verifies
the
self—monitoring
results
by
periodic
monitoring
of
the
discharges.
Discharge
of
pollutants
above
the
amount
specified
in
the
permit
or
not
meeting
the
compliance
schedule
is
a
violation
and
subjects
the
discharger
to
possible
enforcement
action.
This
action
consists
of
one
or
a
combination
of
several
remedies
including
enforcement
letters,
notices
of
noncompliance,
citations
for
violations,
"show
cause
orders”,
stipulated
settlements,
and
referral
to
the
Wisconsin
Department
of
Justice
for
civil
or
criminal
prosecution.
Since
May
1974,
there
have
been
40
such
referrals
to
that
agency.
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 CANADA FEDERAL
MAJOR LEGISLATION AND SALIENT FEATURES
Under the British North America Act of 1867
(BNA Act),
the Canadian
federal government has legislative powers over shipping, navigation, inland
and coastal fisheries, and to some extent over interprovincial and inter—
national undertakings.
The provinces,
on the other hand, have authority to
legislate in the field of domestic and industrial water supply, pollution
abatement,
power development,
irrigation,
reclamation, and recreation.
Under these constitutional arrangements,
the federal and provincial
governments are together responsible for managing the water resources in
Canada.
To meet its responsibility in this area, the federal government has
enacted several pieces of legislation to control, from the federal viewpoint,
the development and use of Canada's water resource.
Of these, six federal
acts are perhaps the ones most used in managing the water resources of the
Great Lakes system:
Canada Water Act, The Fisheries Act, The Canada Shipping
Act, The Navigable Waters Protection Act, The Environmental Contaminants Act,
and The National Housing Act.
The Canada Water Act provides for the management of Canada's water
resource through research, planning, and implementation taking into consider-
ation such factors as conservation, man-made developments, and water utili-
zation. The Act covers three general areas in water resource management:
the supply and demand of water, water quality management in critically polluted
areas, and comprehensive water resource management programs.
The Act contains
mechanisms for setting up formal agreements with the provinces for the purpose
of carrying out joint cooperative studies as and when required.
The Canada
Water Act contains provisions for establishing water quality objectives,
users fees, waste discharge fees, and heavy fines for polluters.
Under the
Act, the phosphorus content in commercial cleansing agents and detergents has
been reduced by regulation to 2.2% of the product with further reductions to
take place in future months.
 
The Fisheries Act and its amendments are the basis for federal involve—
ment in pollution control and effluent standards. The Act contains many
provisions such as the installation of special structures in waterways to
facilitate the movement of fish around obstructions, water intake screens,
and pollution control devices. The Fisheries Act prohibits the discharge of
substances deleterious to fish or to man's use of fish. The Act contains
regulations limiting the discharge of specific pollutants and provides for
the review of plans of new or modified pollution control works to ensure
compliance with these regulations.
  
The Canada Shipping Act, administered by the Department of Transport,
covers a wide range of shipping requirements and contains regulations governing
oil discharges from vessels. The Act provides for fines of up to $100,000
for pollution of Canadian waters by oil from vessels and ship owners are
required to post bonds of up to $14,000,000 for clean-up purposes in the
event of oil spills.
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so
ci
at
ed
wi
th
th
e
Gr
ea
t
La
ke
s
ar
e
ce
nt
re
d
at
th
e
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
(C
CI
W)
fa
ci
li
ti
es
at
Bu
rl
in
gt
on
,
On
ta
ri
o.
Re
se
ar
ch
in
to
a
wi
de
va
ri
et
y
of
fi
el
ds
in
cl
ud
in
g
ph
ys
ic
al
,
ch
em
ic
al
,
an
d
bi
ol
og
ic
al
as
pe
ct
s
of
wa
te
r
is
co
nd
uc
te
d
at
CC
IW
in
cl
os
e
as
so
ci
at
io
n
wi
th
in
te
rn
at
io
na
l,
pr
ov
in
ci
al
,
un
iv
er
si
ty
,
an
d
pr
iv
at
e
re
se
ar
ch
or
ga
ni
za
ti
on
s.
CC
IW
pr
ov
id
es
im
po
rt
an
t
in
fo
rm
at
io
n
an
d
ad
vi
ce
in
su
ch
ar
ea
s
as
hy
dr
au
li
cs
,
eu
tr
op
hi
ca
ti
on
,
an
al
yt
ic
al
an
d
nu
me
ri
ca
l
me
th
od
s,
to
xi
c
su
bs
ta
nc
es
,
oi
l
sp
il
l
cl
ea
n—
up
,
wa
st
e,
an
d
ra
di
oa
ct
iv
it
y
fr
om
ph
ys
ic
al
an
d
ge
oc
he
mi
ca
l,
bi
ol
og
ic
al
,
mi
cr
ob
io
lo
gi
ca
l,
ec
on
om
ic
,
an
d
so
ci
al
st
an
dp
oi
nt
s.
Ot
he
r
de
pa
rt
me
nt
al
ac
ti
vi
ti
es
at
CC
IW
in
cl
ud
e
re
se
ar
ch
on
wa
st
ew
at
er
tr
ea
tm
en
t
pr
oc
es
se
s
fo
r
in
du
st
ri
al
an
d
mu
ni
ci
pa
l
po
ll
ut
io
n
co
nt
ro
l
pl
an
ts
an
d
th
e
co
nd
uc
t
of
hy
dr
o—
gra
phi
c
and
wat
er
qua
lit
y
sur
vey
s.
Res
ear
ch
int
o
the
env
iro
nme
nta
l
sig
ni—
fi
ca
nc
e
of
to
xi
c
su
bs
ta
nc
es
an
d
th
e
en
vi
ro
nm
en
ta
l
de
gr
ad
ab
il
it
y
of
ph
os
ph
or
us
sub
sti
tut
es
in
det
erg
ent
s
is
ano
the
r
imp
ort
ant
pro
gra
m
car
rie
d
out
at
CCI
W.
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 CMHC provides financial support under the National Housing Act to muni-
cipalities in Ontario for the construction of sewage treatment plants. This
support is usually in the form of low interest loans with a 25% forgiveness
clause written into the terms of repayment. In addition, under the Act, CMHC
provides grants to Ontario municipalities for the development of five—year
comprehensive regional sewerage collector plans. CMHC also provides loans
for trunk storm sewers. Loans and grants are administered through the Central
Mortgage and Housing Corporation-Ontario Municipal Sewerage Agreement. CMHC
maintains close liaison with the Department of the Environment and other
federal departments through joint reviews of plans and projects.
Canada's Department of National Health and Welfare takes the lead in
developing drinking water standards and objectives. In addition, the De—
partment carries out studies on the effects of toxic and hazardous substances
on human health and, in consultation with other federal departments and other
government agencies, sets maximum allowable limits on these substances in
fish and other marine foods for human consumption.
The Department of Transport, as stated before, regulates sewage dis-
charge and oil spills from vessels in the Great Lakes System through the
Canada Shipping Act and controls dredging and dumping in the Great Lakes
through the Navigable Waters Protection Act. The Department of Transport
also assumes control of clean—up operations in the Great Lakes in the event
of oil spills and other major releases by appointing on—scene commanders and
providing equipment and personnel in accordance with the Joint Canada—United
States Marine Pollution Contingency Plan.
Canada's Department of Finance contributes to the management of the
Grea
t La
kes
wate
r re
sour
ce s
yste
m by
prov
idin
g fo
r at
trac
tive
tax
dedu
ctio
ns
on c
apit
al e
xpen
ditu
res
for
indu
stri
al p
ollu
tion
cont
rol
faci
liti
es t
hrou
gh
rapid write-off provisions. This provides a strong incentive to industry to
press on with pollution control measures, thereby reducing waste loads en—
tering the Great Lakes system.
Other federal departments are involved in different ways in studying and
mana
ging
the
Grea
t La
kes
wate
r re
sour
ce s
yste
m su
ch a
s th
e De
part
ment
of
Public Works, concerned with installations and dredging operations and the
Department of Agriculture, concerned with pollution from land runoff.
FEDERAL AND PROVINCIAL RELATIONSHIPS
As
dis
cus
sed
pre
vio
usl
y,
the
fed
era
l g
ove
rnm
ent
und
er
the
Bri
tis
h N
ort
h
America Act has authority over shipping, navigation, and fisheries in the
Great Lakes System while the provincial government legislates on matters
related to domestic and industrial water supply, pollution abatement, power
development, irrigation, reclamations, and recreation. In carrying out their
respective roles, close cooperation exists between the Canadian federal
government and the Ontario provincial government. In recent years, these
cooperative efforts have been formalized in federal—provincial agreements,
three of which are the Canada—Ontario Agreement on Great Lakes Water Quality,
the Central Mortgage and Housing Corporation—Ontario Municipal Sewerage
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 Ag
re
em
en
t,
an
d
th
e
Ca
na
da
-O
nt
ar
io
Ac
co
rd
fo
r
th
e
Pr
ot
ec
ti
on
an
d
En
ha
nc
em
en
t
of Environmental Quality.
The
Can
ada
-On
tar
io
Agr
eem
ent
on
Gre
at
Lak
es
Wat
er
Qua
lit
y
was
sig
ned
in
Aug
ust
197
1
in
res
pon
se
to
the
Int
ern
ati
ona
l
Joi
nt
Com
mis
sio
n's
rec
omm
end
ati
ons
con
cer
nin
g p
oll
uti
on
of
the
Low
er
Lak
es
and
in
ant
ici
pat
ion
of
the
ear
ly
con
—
clu
sio
n
of
the
Can
ada
—Un
ite
d
Sta
tes
Gre
at
Lak
es
Wat
er
Qua
lit
y
Agr
eem
ent
.
The
Can
ada
-On
tar
io
Agr
eem
ent
pro
vid
es
for
the
enc
our
age
men
t
of
spe
ed—
up
of
mun
ici
pal
sew
age
tre
atm
ent
pla
nt
con
str
uct
ion
by
inc
rea
sin
g
the
flo
w o
f c
api
tal
fun
ds
and
pro
vid
es
for
the
red
uct
ion
of
pho
sph
oru
s i
n t
he
mos
t c
rit
ica
lly
aff
ect
ed
waters in the Great Lakes system. i
The
Can
ada
-On
tar
io
Agr
eem
ent
als
o p
rov
ide
s f
or
fed
era
l—p
rov
inc
ial
cos
t-
sha
rin
g o
f r
ese
arc
h i
nto
pol
lut
ion
aba
tem
ent
pro
gra
ms
to
dev
elo
p m
eth
ods
for
red
uci
ng
cos
ts
of
was
te
tre
atm
ent
pro
gra
ms
and
to
ens
ure
tha
t b
est
tec
hno
log
ica
l
advances are incorporated in abatement programs.
The
Can
ada
—On
tar
io
Agr
eem
ent
has
rec
ent
ly
bee
n a
men
ded
to
exc
lud
e
the
ori
gin
al
pro
vis
ion
s
for
cap
ita
l f
und
ing
of
sew
era
ge
wor
ks.
Thi
s
is
now
cov
ere
d i
n t
he
Cen
tra
l M
ort
gag
e a
nd
Hou
sin
g C
orp
ora
tio
n—O
nta
rio
Mun
ici
pal
Sewerage Agreement.
Res
ear
ch
pro
jec
ts
cov
eri
ng
man
y a
rea
s o
f s
ewa
ge
han
dli
ng
and
tre
atm
ent
inc
lud
ing
che
mic
al
add
iti
ves
, s
lud
ge
sep
ara
tio
n a
nd
dis
pos
al,
haz
ard
ous
and
toxi
c su
bsta
nces
, a
nd s
ewer
age
coll
ecto
r sy
stem
s ar
e ca
rrie
d ou
t un
der
the
Canada—Ontario Agreement.
The
Cent
ral
Mort
gage
and
Hous
ing
Corp
orat
ion-
Onta
rio
Muni
cipa
l Se
wera
ge
Agre
emen
t wa
s s
igne
d in
Sept
embe
r 19
75.
The
prin
cipa
l ob
ject
ives
of
this
Agreement are to support the control of water and soil pollution in Ontario
and to encourage the provision of serviced land for residential development
in undeveloped areas of the province. The Agreement provides for financial
support of these activities through the form of grants or loans. Under this
Agreement, $400,000,000 will be made available for Great Lakes sewage treat-
ment and storm sewer projects in the fiscal years 1975 to 1977.
The Canada-Ontario Accord for the Protection and Enhancement of Environ—
mental Quality was signed in October 1975. Under this Accord, the federal
and provincial governments agree to the development of criteria, natural
ambient objectives, and the identification of areas of joint interest where
these would apply. The Accord also provides for the development by Canada,
in consultation with the province, of national baseline effluent and emission
requirements and guidelines for specific industrial groups and specific
pollutants for agreed—upon classes of industries. The Accord describes the
mechanisms whereby both governments maycarry out pollution control programs
under their respective legislative authority to meet agreed-upon objectives
and federal and provincial requirements.
The Accord defines how pollution control enforcement regulations will be
carried out with respect to the two governments. Provision is made for
speed—up of joint programs of data gathering, assessment, research, and
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 des
ign
whi
ch
hav
e
bee
n
ini
tia
ted
und
er
the
Can
ada
—On
tar
io
Agr
eem
ent
.
Als
o
und
er
thi
s
Acc
ord
,
whe
n
and
whe
re
nat
ion
al
eff
lue
nt
req
uir
eme
nts
hav
e
not
bee
n
dev
elo
ped
,
the
pro
vin
ce
wil
l
app
ly
bes
t
pra
cti
cab
le
tec
hno
log
y
for
con
tro
lli
ng
emi
ssi
ons
and
was
te
dis
cha
rge
s
in
air
and
wat
er.
ENFORCEMENT MECHANISMS
Un
de
r
th
e
Ca
na
da
-O
nt
ar
io
Ac
co
rd
fo
r
th
e
Pr
ot
ec
ti
on
an
d
En
ha
nc
em
en
t
of
En
vi
ro
nm
en
ta
l
Qu
al
it
y,
On
ta
ri
o
es
ta
bl
is
he
s
an
d
en
fo
rc
es
re
qu
ir
em
en
ts
at
le
as
t
as
str
ing
ent
as
the
agr
eed
bas
eli
ne
req
uir
eme
nts
and
car
rie
s
out
sur
vei
lla
nce
of
ef
fl
ue
nt
s
an
d
em
is
si
on
s,
in
cl
ud
in
g
th
ei
r
im
pa
ct
on
am
bi
en
t
qu
al
it
y
an
d
co
mp
li
an
ce
wi
th
st
an
da
rd
s
an
d
ob
je
ct
iv
es
.
Als
o
und
er
the
Acc
ord
,
the
fed
era
l
and
pro
vin
cia
l
gov
ern
men
ts
coo
per
ate
in
mon
ito
rin
g
air
and
wat
er
qua
lit
y
in
are
as
of
joi
nt
int
ere
st
and
in
int
er-
pre
tin
g
the
dat
a
wit
h
res
pec
t
to
tre
nds
and
obj
ect
ive
s.
The
pro
vin
cia
l
go-
ve
rn
me
nt
ca
rr
ie
s
ou
t
mo
st
of
th
e
co
mp
li
an
ce
mo
ni
to
ri
ng
,
co
nd
uc
ts
en
vi
ro
nm
en
ta
l
im
pa
ct
as
se
ss
me
nt
on
sp
ec
if
ic
si
te
de
ve
lo
pm
en
ts
,
an
d
gr
an
ts
ap
pr
ov
al
s
fo
r
constructions.
ONTARIO
MAJOR LEGISLATION
The Ontario Water Resources Act
Th
is
Ac
t
pr
ov
id
es
fo
r
th
e
co
nt
ro
l
of
wa
te
r
po
ll
ut
io
n
th
ro
ug
h
th
e
es
ta
-
bl
is
hm
en
t
of
wa
te
r
an
d
se
wa
ge
pr
oj
ec
ts
un
de
r
th
e
su
pe
rv
is
io
n
of
th
e
pr
ov
in
ce
.
Th
e
Ac
t
em
po
we
rs
th
e
Mi
ni
st
er
of
th
e
En
vi
ro
nm
en
t
to
en
te
r
in
to
ag
re
em
en
ts
wi
th
mu
ni
ci
pa
li
ti
es
pr
ov
id
in
g
fo
r
th
e
de
si
gn
,
co
ns
tr
uc
ti
on
,
op
er
at
io
n,
an
d
fi
na
nc
in
g
of
wa
te
r
an
d
se
wa
ge
wo
rk
s.
Th
e
Mi
ni
st
er
is
em
po
we
re
d
to
di
ss
em
in
at
e
in
fo
rm
at
io
n
an
d
ad
vi
ce
co
nc
er
ni
ng
th
e
co
ll
ec
ti
on
,
pr
od
uc
ti
on
,
tr
an
sm
is
si
on
,
tr
ea
tm
en
t,
st
or
ag
e,
su
pp
ly
,
an
d
di
st
ri
bu
ti
on
of
wa
te
r
or
se
wa
ge
an
d
ma
y
co
nd
uc
t
re
se
ar
ch
pr
og
ra
ms
an
d
pr
ep
ar
e
st
at
is
ti
cs
.
In
ad
di
ti
on
,
th
e
di
sc
ha
rg
e
of
ma
te
ri
al
s
in
to
th
e
wa
te
rs
of
th
e
pr
ov
in
ce
wh
ic
h
ma
y
im
pa
ir
th
es
e
wa
te
rs
is
pr
oh
ib
it
ed
wi
th
ap
pr
op
ri
at
e
fi
ne
s
of
up
to
$1
0,
00
0
up
on
su
mm
ar
y
co
nv
ic
ti
on
(S
ec
ti
on
32
).
Th
e
Mi
ni
st
er
ma
y
al
so
,
up
on
ap
pl
ic
at
io
n
to
th
e
Su
pr
em
e
Co
ur
t,
ob
ta
in
an
in
ju
nc
ti
on
to
pr
oh
ib
it
di
sc
ha
rg
es
in
ca
se
s
wh
er
e
im
pa
ir
me
nt
mi
gh
t
re
su
lt
(S
ec
ti
on
31
).
Ap
pr
ov
al
fo
r
th
e
es
ta
—
bl
is
hm
en
t
or
al
te
ra
ti
on
of
se
wa
ge
wo
rk
s
fo
r
th
e
co
ll
ec
ti
on
,
tr
an
sm
is
si
on
,
or
di
sp
os
al
of
wa
st
es
is
ma
nd
at
or
y
be
fo
re
an
y
wo
rk
is
un
de
rt
ak
en
(S
ec
ti
on
42
).
An
in
du
st
ry
ma
y
be
re
qu
ir
ed
by
or
de
r
to
ma
ke
in
ve
st
ig
at
io
ns
an
d
su
bm
it
re
po
rt
s
to
th
e
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
an
d
to
in
st
al
l
or
co
ns
tr
uc
t
fa
ci
-
li
ti
es
fo
r
th
e
co
ll
ec
ti
on
,
tr
an
sm
is
si
on
,
tr
ea
tm
en
t,
or
di
sp
os
al
of
se
wa
ge
(S
ec
ti
on
69
).
An
y
mu
ni
ci
pa
li
ty
or
pe
rs
on
re
sp
on
si
bl
e
fo
r
di
sc
ha
rg
e,
de
po
si
t,
or
es
ca
pe
of
po
ll
ut
an
t
ma
te
ri
al
is
re
qu
ir
ed
to
no
ti
fy
th
e
Mi
ni
st
ry
fo
rt
hw
it
h
(Se
cti
on
32(
3))
.
The
Act
als
o p
rov
ide
s
for
the
rig
ht
of
Min
ist
ry
emp
loy
ees
and
age
nts
to
ins
pec
t
pre
mis
es
at
any
tim
e
and
to
con
duc
t
sur
vey
s
and
inv
es—
tigations (Section 20).
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2
;
m
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m
m
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M
t
.
n
  
Se
ct
io
n
62
of
th
e
On
ta
ri
o
Wa
te
r
Re
so
ur
ce
s
Ac
t
em
po
we
rs
th
e
Mi
ni
st
er
,
su
bj
ec
t
to
ap
pr
ov
al
by
Ca
bi
ne
t,
to
re
gu
la
te
am
on
g
ot
he
r
ma
tt
er
s
wa
te
r
wo
rk
s;
se
wa
ge
wo
rk
s;
pl
um
bi
ng
;
se
wa
ge
st
re
ng
th
;
cl
as
si
fi
ca
ti
on
an
d
li
ce
ns
in
g
of
wa
te
r
an
d
se
wa
ge
pl
an
t
op
er
at
or
s;
st
an
da
rd
s
of
qu
al
it
y
fo
r
wa
te
r
su
pp
li
es
,
se
wa
ge
ef
fl
ue
nt
s,
re
ce
iv
in
g
st
re
am
s,
an
d
wa
te
r
co
ur
se
s;
op
er
at
in
g
st
an
da
rd
s
fo
r
wa
te
r
an
d
se
wa
ge
wo
rk
s;
se
wa
ge
fr
om
pl
ea
su
re
cr
af
t
an
d
sh
or
e
re
ce
pt
io
n
fa
ci
li
ti
es
;
an
d
th
e
us
e
of
wa
te
r
fr
om
an
y
so
ur
ce
of
su
pp
ly
.
Re
gu
la
ti
on
s
on
wa
te
r
qu
al
it
y
st
an
da
rd
s
ha
ve
no
t
as
ye
t
be
en
es
ta
bl
is
he
d
by
th
e
pr
ov
in
ce
;
ra
th
er
,
th
e
Mi
ni
st
ry
em
pl
oy
s
gu
id
el
in
es
an
d
cr
it
er
ia
fo
r
wa
te
r
qu
al
it
y
ma
na
ge
-
me
nt
an
d
ef
fl
ue
nt
re
qu
ir
em
en
ts
to
pr
ot
ec
t
wa
te
r
qu
al
it
y
fo
r
th
e
gr
ea
te
st
number of uses.
The Environmental Protection Act
Th
is
Ac
t
pr
oh
ib
it
s
th
e
de
po
si
t,
em
is
si
on
,
or
di
sc
ha
rg
e
of
an
y
co
nt
am
in
an
t
in
to
th
e
na
tu
ra
l
en
vi
ro
nm
en
t
wh
ic
h
ma
y
im
pa
ir
it
s
uS
e,
ca
us
e
im
pa
ir
me
nt
of
th
e
qu
al
it
y
of
th
e
na
tu
ra
l
en
vi
ro
nm
en
t,
ca
uS
e
in
ju
ry
or
da
ma
ge
to
pr
op
er
ty
or
li
fe
,
ca
us
e
ha
rm
or
di
sc
om
fo
rt
to
a
pe
rs
on
,
or
ad
ve
rs
el
y
af
fe
ct
th
e
he
al
th
or
safety of a person (Section 14).
Th
e
Ac
t
fu
rt
he
r
pr
ov
id
es
fo
r
th
e
is
su
an
ce
of
co
nt
ro
l
or
de
rs
wh
ic
h,
fo
l—
low
ing
a
rep
ort
or
an
inv
est
iga
tio
n
by
an
ins
pec
tor
,
may
be
use
d
to
req
uir
e
an
ind
ust
ry
to
red
uce
the
lev
el
of
con
tam
ina
nts
bei
ng
dis
cha
rge
d
(Se
cti
on
6).
Als
o,
whe
re
the
re
are
rea
son
abl
e g
rou
nds
to
bel
iev
e t
hat
the
dis
cha
rge
of
a
par
tic
ula
r c
ont
ami
nan
t m
ay
con
sti
tut
e a
dan
ger
to
hum
an
lif
e,
hea
lth
,
or
property, a stop order may be issued (Section 7).
The
Act
fur
the
r p
rov
ide
s t
hat
no
per
son
sha
ll
con
str
uct
or
alt
er
any
pla
nt
tha
t m
ay
emi
t c
ont
ami
nan
ts
or
alt
er
the
rat
e o
f p
rod
uct
ion
wit
hou
t
approval (Section 8).
Und
er
the
Act,
a p
ers
on
res
pon
sib
le
for
a s
our
ce
of
con
tam
ina
nts
may
subm
it a
prog
ram
to p
reve
nt
or t
o re
duce
that
cont
amin
ant
and
the
Mini
stry
may
issu
e a
"Pro
gram
Appr
oval
" wh
ich
effe
ctiv
ely
form
aliz
es
the
prog
ram
(Sec
tion
10).
The Environmental Protection Act also provides that every person respon—
sibl
e fo
r a
sour
ce o
f co
ntam
inan
ts
shal
l fu
rnis
h su
ch i
nfor
mati
on a
s a
pro-
vinc
ial
offi
cer
requ
ires
for
the
purp
ose
of t
he A
ct o
r th
e re
gula
tion
s (
Sec-
tion 83(3)).
The Pesticides Act
The sale and use of pesticides is rigidly controlled in Ontario by the
Pesticides Act. Registered pesticides are classified on the basis of toxico—
logy and potential environmental impact. The distribution, availability, and
use are regulated and classified.
Environmental Assessment Act and Regulations
Sections of this Act related to the formation of the Environmental Assess-
ment Board were recently proclaimed by the Lieutenant Governor. In October
48
, ,, . __—__—_____J
  
19
76
,
re
gu
la
ti
on
s
un
de
r
th
e
Ac
t
we
re
pr
oc
la
im
ed
wh
ic
h
re
qu
ir
e,
fo
r
pr
ov
in
ci
al
go
ve
rn
me
nt
pr
oj
ec
ts
wi
th
a
si
gn
if
ic
an
t
ef
fe
ct
on
th
e
en
vi
ro
nm
en
t,
th
e
Su
bm
is
si
on
of
an
as
se
ss
me
nt
fo
r
ap
pr
ov
al
to
th
e
Mi
ni
st
er
of
th
e
En
vi
ro
nm
en
t
wh
o
ma
y
su
bm
it
th
e
pr
op
os
al
to
th
e
Bo
ar
d
fo
r
a
he
ar
in
g.
Th
e
pu
bl
ic
is
en
co
ur
ag
ed
to
in
sp
ec
t
an
d
co
mm
en
t
on
th
e
pr
op
os
al
s.
Ev
en
tu
al
ly
,
mu
ni
ci
pa
l
an
d
pr
iv
at
e
pr
oj
ec
ts
wi
ll
be
br
ou
gh
t
un
de
r
th
e
re
gu
la
ti
on
s.
Other Legislation
Ot
he
r
le
gi
sl
at
io
n
wh
ic
h
ma
y
be
ap
pl
ic
ab
le
fr
om
ti
me
to
ti
me
in
im
pl
e—
me
nt
in
g
va
ri
ou
s
as
pe
ct
s
of
th
e
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
in
cl
ud
e:
(1
)
Th
e
Pl
an
ni
ng
an
d
De
ve
lo
pm
en
t
Ac
t
(1
97
3)
(2) The Planning Act
(3
)
Ni
ag
ar
a
Es
ca
rp
me
nt
Pl
an
ni
ng
an
d
De
ve
lo
pm
en
t
Ac
t
(4
)
Th
e
Be
ds
of
Na
vi
ga
bl
e
Wa
te
r
Ac
t
(5
)
On
ta
ri
o
Pu
bl
ic
La
nd
s
Ac
t
(6
)
Th
e
Be
ac
h
Im
pr
ov
em
en
t
Ac
t
(7
)
Th
e
On
ta
ri
o
Mi
ni
ng
Ac
t
(8
)
Th
e
Co
ns
er
va
ti
on
Au
th
or
it
ie
s
Ac
t
(9) The Drainage Act
(1
0)
Th
e
La
ke
s
an
d
Ri
ve
rs
Im
pr
ov
em
en
t
Ac
t
MA
JO
R
AG
EN
CI
ES
,
TH
EI
R
FU
NC
TI
ON
S
AN
D
IN
TE
RR
EL
AT
IO
NS
HI
PS
Th
e
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
ha
s
ge
ne
ra
l
re
sp
on
si
bi
li
ti
es
fo
r
en
vi
ro
nm
en
ta
l
pl
an
ni
ng
an
d
ma
na
ge
me
nt
,
po
ll
ut
io
n
co
nt
ro
l
an
d
as
so
ci
at
ed
re
—
se
ar
ch
,
an
d
op
er
at
in
g
se
rv
ic
es
.
It
ad
mi
ni
st
er
s
th
e
On
ta
ri
o
Wa
te
r
Re
so
ur
ce
s
Ac
t,
th
e
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ac
t,
th
e
Pe
st
ic
id
es
Ac
t,
an
d
th
e
En
vi
ro
n-
me
nt
al
As
se
ss
me
nt
Ac
t.
In
ad
di
ti
on
to
th
e
fi
na
nc
in
g
an
d
su
pe
rv
is
io
n
of
wa
te
r
an
d
se
wa
ge
wo
rk
s
an
d
th
e
en
fo
rc
em
en
t
of
th
e
le
gi
sl
at
io
n
su
mm
ar
iz
ed
ab
ov
e,
th
e
Mi
ni
st
ry
op
er
at
es
a
wa
te
r—
qu
al
it
y
an
d
wa
te
r—
qu
an
ti
ty
mo
ni
to
ri
ng
ne
tw
or
k,
an
d
,L
ha
s
es
ta
bl
is
he
d
ex
te
ns
iv
e
la
bo
ra
to
ry
fa
ci
li
ti
es
fo
r
wa
te
r—
qu
al
it
y
an
al
ys
is
.
“
Th
e
Mi
ni
st
ry
al
so
co
or
di
na
te
s
ri
ve
r
ba
si
n
st
ud
ie
s,
in
vo
lv
in
g
ot
he
r
mi
ni
st
ri
es
an
d
lo
ca
l
go
ve
rn
me
nt
ag
en
ci
es
,
wh
ic
h
pr
ov
id
e
a
ba
si
s
fo
r
th
e
de
ve
lo
pm
en
t
of
im
pl
em
en
ta
ti
on
pr
og
ra
ms
to
pr
om
ot
e
mo
re
ef
fe
ct
iv
e
us
e
of
wa
te
r
an
d
la
nd
-b
as
ed
res ourCBS .
Th
e
Mi
ni
st
ry
of
Na
tu
ra
l
Re
so
ur
ce
s,
th
ro
ug
h
ad
mi
ni
st
ra
ti
ve
ag
re
em
en
t
wi
th
3‘
th
e
fe
de
ra
l
go
ve
rn
me
nt
,
ha
s
be
en
de
le
ga
te
d
re
sp
on
si
bi
li
ty
ov
er
fi
sh
er
ie
s
‘
ma
tt
er
s
in
On
ta
ri
o.
In
ad
di
ti
on
,
th
e
Mi
ni
st
ry
ad
mi
ni
st
er
s
a
nu
mb
er
of
ac
ts
wh
ic
h
re
gu
la
te
or
pr
oh
ib
it
th
e
du
mp
in
g,
de
po
si
ti
ng
,
or
re
mo
va
l
of
ma
te
ri
al
s
in
to
or
ad
ja
ce
nt
to
wa
te
r
bo
di
es
.
Th
es
e
in
cl
ud
e
th
e
La
ke
s
an
d
Ri
ve
rs
Im
pr
ov
e—
25
me
nt
Ac
t,
th
e
Mi
ni
ng
Ac
t,
th
e
Co
ns
er
va
ti
on
Au
th
or
it
ie
s
Ac
t,
an
d
th
e
Be
ac
h
j?
Protection Act.
FE
DE
RA
L
AN
D
PR
OV
IN
CI
AL
RE
LA
TI
ON
SH
IP
S
 
Wh
il
e
Ca
na
di
an
la
nd
an
d
wa
te
r
re
so
ur
ce
s
ar
e
un
de
r
pr
ov
in
ci
al
au
th
or
it
y,
fi
sh
er
ie
s
an
d
in
te
rn
at
io
na
l
ob
li
ga
ti
on
s
ar
e
fe
de
ra
l
re
sp
on
si
bi
li
ti
es
.
Du
pl
i-
ca
ti
on
of
ef
fo
rt
in
th
es
e
sh
ar
ed
re
sp
on
si
bi
li
ti
es
ha
s
be
en
av
oi
de
d
by
ad
mi
ni
s—
tr
at
iv
e
ag
re
em
en
ts
in
vo
lv
in
g
de
le
ga
ti
on
of
re
sp
on
si
bi
li
ty
to
th
e
pr
ov
in
ce
.
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;
 Re
co
gn
it
io
n
th
at
bo
th
le
ve
ls
of
go
ve
rn
me
nt
ha
ve
re
sp
on
si
bi
li
ti
es
in
ma
na
gi
ng
th
e
en
vi
ro
nm
en
t
ha
s
fo
st
er
ed
in
te
rg
ov
er
nm
en
ta
l
ag
re
em
en
ts
to
en
su
re
th
e
de
ve
-
lo
pm
en
t
of
co
mp
re
he
ns
iv
e
en
vi
ro
nm
en
ta
l
pr
og
ra
ms
.
Th
es
e
in
cl
ud
e
th
e
Ca
na
da
—
On
ta
ri
o
Ac
co
rd
fo
r
th
e
Pr
ot
ec
ti
on
an
d
En
ha
nc
em
en
t
of
En
vi
ro
nm
en
ta
l
Qu
al
it
y
an
d
th
e
Ca
na
da
—O
nt
ar
io
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t.
Th
e
Ac
co
rd
de
sc
ri
be
s
th
e
ge
ne
ra
l
ar
ra
ng
em
en
ts
fo
r
fe
de
ra
l—
pr
ov
in
ci
al
ac
ti
on
in
po
ll
ut
io
n
co
nt
ro
l
an
d
th
e
Ag
re
em
en
t
sp
ec
if
ie
s
re
sp
on
si
bi
li
ti
es
th
at
ea
ch
go
ve
rn
me
nt
,
wi
th
in
it
s
ju
ri
sd
ic
ti
on
,
wi
ll
un
de
rt
ak
e
to
im
pl
em
en
t
th
e
Ca
na
da
—U
.S
.
Ag
re
em
en
t.
IMPLEMENTATION PROGRAMS
Si
nc
e
th
e
mi
d—
19
50
's
,
wa
st
ew
at
er
fa
ci
li
ti
es
pl
an
ni
ng
ha
s
be
en
gi
ve
n
pr
io
ri
ty
in
On
ta
ri
o
an
d
at
pr
es
en
t
94
%
of
th
e
se
we
re
d
po
pu
la
ti
on
in
th
e
dr
ai
na
ge
sy
st
em
is
se
rv
ed
by
se
wa
ge
tr
ea
tm
en
t
ad
eq
ua
te
to
me
et
th
e
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
of
th
e
Ag
re
em
en
t;
90
%
of
th
is
po
pu
la
ti
on
em
pl
oy
s
a
se
—
co
nd
ar
y
le
ve
l
of
se
wa
ge
tr
ea
tm
en
t.
In
On
ta
ri
o,
th
e
Mi
ni
st
ry
of
th
e
En
vi
ro
n-
me
nt
ma
y
ac
t
as
an
ag
en
t
fo
r
30
-y
ea
r
lo
w-
in
te
re
st
-r
at
e
se
lf
—l
iq
ui
da
ti
ng
fin
anc
ing
and
for
the
con
str
uct
ion
and
ope
rat
ion
of
mun
ici
pal
sew
age
wor
ks
pro
jec
ts.
Sin
ce
196
9,
the
pro
vin
ce
has
sup
por
ted
two
sub
sid
y
pro
gra
ms:
cap
ita
l
gra
nts
up
to
75%
of
the
cos
t
of
Min
ist
ry—
fin
anc
ed
pro
jec
ts
to
the
ext
ent
tha
t
ann
ual
hom
eow
ner
cos
ts
exc
eed
$13
0,
and
cap
ita
l
gra
nts
of
15%
for
pro
vin
cia
l
pro
jec
ts
ser
vin
g
mun
ici
pal
iti
es
in
an
are
a w
ith
the
pro
vin
ce
own
ing
and
ope
rat
ing
the
fac
ili
tie
s
in
per
pet
uit
y.
In
197
4,
the
lat
ter
pro
gra
m w
as
ext
end
ed
to
non
-Mi
nis
try
are
a p
roj
ect
s
in
reg
ion
al
mun
ici
pal
iti
es.
Oth
er
pro
gra
ms
ava
ila
ble
to
ass
ist
ind
ust
ry
wit
h
the
fin
anc
ing
of
pol
-
lution abatement programs include:
(1)
Pol
lut
ion
Con
tro
l L
oan
s -
a l
oan
of
up
to
$25
0,0
00
fro
m t
he
Ont
ari
o
Dev
elo
pme
nt
Cor
por
ati
on
to
com
pan
ies
whi
ch
are
una
ble
to
fin
anc
e
the
pur
cha
se
of
equ
ipm
ent
fro
m t
hei
r o
wn
res
our
ces
.
(2)
An a
ccel
erat
ed
capi
tal
cost
allo
wanc
e on
poll
utio
n co
ntro
l fo
r
federal and provincial income tax assessment — equivalent to an
inte
rest
—fre
e lo
an i
n th
at i
t al
lows
elig
ible
comp
anie
s to
post
pone
a portion of their tax payments. This provision applies to air and
water pollution control equipment that was acquired before 1977.
ENFORCEMENT MECHANISMS
The Ministry of the Environment utilizes water quality guidelines and
criteria, together with effluent objectives, to protect water quality. Any
party discharging a substance which may impair the quality of a water body is
subject to prosecution and fines under Section 32 of the Ontario Water Re-
sources Act. Initially, however, the Ministry attempts to obtain compliance
with the criteria and objectives by negotiating a voluntary pollution abate-
ment program with each discharger. Such voluntary programs may receive a
"Program Approval" by the Ministry. Voluntary programs may be made legally
binding, or control programs may be imposed by a "Control Order". If the pro-
grams specified by a Control Order are not implemented, the discharger is
liable to prosecution and fines. If human health is endangered the Ministry
may issue a stop order and require immediatecessation of the discharge. New,
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o
r
a
l
t
e
r
e
d
o
p
e
r
a
t
i
o
n
s
m
u
s
t
i
n
c
l
u
d
e
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
e
q
u
i
p
m
e
n
t
t
h
a
t
e
x
p
a
n
d
e
d
,
t
s
a
n
d
m
u
s
t
r
e
c
e
i
v
e
M
i
n
i
s
t
r
y
C
e
r
t
i
f
i
c
a
t
e
s
o
f
m
e
e
t
s
t
h
e
M
i
n
i
s
t
r
y
'
s
r
e
q
u
i
r
e
m
e
n
A
p
p
r
o
v
a
l
b
e
f
o
r
e
c
o
n
s
t
r
u
c
t
i
o
n
i
s
u
n
d
e
r
t
a
k
e
n
.
O
T
H
E
R
I
N
P
U
T
C
A
T
E
G
O
R
I
E
S
U
N
I
T
E
D
S
T
A
T
E
S
C
O
M
B
I
N
E
D
S
E
W
E
R
S
A
N
D
S
T
O
R
M
W
A
T
E
R
T
h
e
c
o
n
t
r
o
l
o
f
d
i
s
c
h
a
r
g
e
s
f
r
o
m
c
o
m
b
i
n
e
d
s
e
w
e
r
s
a
n
d
s
t
o
r
m
w
a
t
e
r
s
e
w
e
r
s
i
s
p
r
i
m
a
r
i
l
y
a
r
e
s
p
o
n
s
i
b
i
l
i
t
y
o
f
l
o
c
a
l
j
u
r
i
s
d
i
c
t
i
o
n
s
.
S
e
c
t
i
o
n
1
0
5
(
a
)
o
f
P
L
9
2
—
5
0
0
p
r
o
v
i
d
e
s
f
e
d
e
r
a
l
f
u
n
d
s
f
o
r
r
e
s
e
a
r
c
h
a
n
d
d
e
m
o
n
s
t
r
a
t
i
o
n
g
r
a
n
t
s
t
o
d
e
v
e
l
o
p
m
e
t
h
o
d
s
f
o
r
c
o
n
t
r
o
l
l
i
n
g
t
h
e
s
e
w
a
s
t
e
s
.
T
h
e
p
r
i
m
a
r
y
f
e
d
e
r
a
l
e
f
f
o
r
t
i
s
t
h
e
i
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
A
r
e
a
w
i
d
e
W
a
s
t
e
T
r
e
a
t
m
e
n
t
M
a
n
a
g
e
m
e
n
t
P
r
o
g
r
a
m
s
a
u
t
h
o
r
i
z
e
d
b
y
S
e
c
t
i
o
n
2
0
8
o
f
P
L
9
2
—
5
0
0
w
h
i
c
h
p
r
o
v
i
d
e
s
f
o
r
a
r
e
a
w
i
d
e
p
l
a
n
n
i
n
g
f
o
r
c
o
n
t
r
o
l
o
f
u
r
b
a
n
n
o
n
p
o
i
n
t
p
o
l
l
u
t
i
o
n
s
o
u
r
c
e
s
.
V
E
S
S
E
L
W
A
S
T
E
S
T
h
e
c
o
n
t
r
o
l
o
f
d
i
s
c
h
a
r
g
e
s
o
f
s
a
n
i
t
a
r
y
w
a
s
t
e
s
f
r
o
m
v
e
s
s
e
l
s
i
s
t
h
e
r
e
s
p
o
n
—
s
i
b
i
l
i
t
y
o
f
t
h
e
U
.
S
.
C
o
a
s
t
G
u
a
r
d
.
S
e
c
t
i
o
n
3
1
2
o
f
P
L
9
2
—
5
0
0
r
e
q
u
i
r
e
s
t
h
a
t
a
l
l
v
e
s
s
e
l
s
n
a
v
i
g
a
t
i
n
g
t
h
e
w
a
t
e
r
s
o
f
t
h
e
U
.
S
.
b
e
e
q
u
i
p
p
e
d
w
i
t
h
a
p
p
r
o
v
e
d
m
a
r
i
n
e
s
a
n
i
t
a
t
i
o
n
d
e
v
i
c
e
s
.
S
e
c
t
i
o
n
1
0
4
(
j
)
o
f
P
L
9
2
-
5
0
0
d
i
r
e
c
t
s
t
h
e
C
o
a
s
t
G
u
a
r
d
t
o
d
o
r
e
s
e
a
r
c
h
a
n
d
d
e
v
e
l
o
p
m
e
n
t
o
n
m
a
r
i
n
e
s
a
n
i
t
a
t
i
o
n
d
e
v
i
c
e
s
w
i
t
h
p
a
r
t
i
c
u
l
a
r
e
m
p
h
a
s
i
s
o
n
e
q
u
i
p
m
e
n
t
t
o
b
e
i
n
s
t
a
l
l
e
d
o
n
s
m
a
l
l
r
e
c
r
e
a
t
i
o
n
a
l
v
e
s
s
e
l
s
.
T
h
e
C
o
a
s
t
G
u
a
r
d
m
a
y
a
u
t
h
o
r
i
z
e
a
n
y
o
n
e
t
o
b
o
a
r
d
a
n
d
i
n
s
p
e
c
t
v
e
s
s
e
l
s
i
n
t
h
e
n
a
v
i
g
a
b
l
e
w
a
t
e
r
s
o
f
t
h
e
U
.
S
.
i
n
e
n
f
o
r
c
e
m
e
n
t
o
f
t
h
e
p
r
o
h
i
b
i
t
i
o
n
a
g
a
i
n
s
t
d
i
s
c
h
a
r
g
e
o
f
s
e
w
a
g
e
f
r
o
m
t
h
e
v
e
s
s
e
l
(
1
3
3
U
.
S
.
C
.
1
1
6
3
(
1
)
)
.
SPILLS
T
h
e
c
o
n
t
r
o
l
o
f
s
p
i
l
l
s
o
f
o
i
l
a
n
d
h
a
z
a
r
d
o
u
s
m
a
t
e
r
i
a
l
s
i
s
a
s
h
a
r
e
d
r
e
s
p
o
n
—
s
i
b
i
l
i
t
y
b
e
t
w
e
e
n
t
h
e
U
.
S
.
C
o
a
s
t
G
u
a
r
d
a
n
d
t
h
e
U
.
S
.
E
P
A
.
T
h
e
C
o
a
s
t
G
u
a
r
d
h
a
s
p
r
i
m
a
r
y
j
u
r
i
s
d
i
c
t
i
o
n
o
v
e
r
s
p
i
l
l
s
i
n
t
o
t
r
a
d
i
t
i
o
n
a
l
l
y
n
a
v
i
g
a
b
l
e
w
a
t
e
r
s
f
r
o
m
v
e
s
s
e
l
s
a
n
d
s
h
o
r
e
s
i
d
e
f
a
c
i
l
i
t
i
e
s
.
T
h
e
U
.
S
.
E
P
A
h
a
s
p
r
i
m
a
r
y
r
e
s
p
o
n
s
i
b
i
l
i
t
y
f
o
r
s
p
i
l
l
s
i
n
t
o
u
p
s
t
r
e
a
m
o
r
t
r
a
d
i
t
i
o
n
a
l
l
y
n
o
n
—
n
a
v
i
g
a
b
l
e
w
a
t
e
r
s
.
S
e
c
t
i
o
n
3
1
1
o
f
P
L
9
2
-
5
0
0
p
r
o
h
i
b
i
t
s
t
h
e
d
i
s
c
h
a
r
g
e
o
f
o
i
l
o
r
h
a
z
a
r
d
o
u
s
s
u
b
s
t
a
n
c
e
s
i
n
t
o
t
h
e
n
a
v
i
g
a
b
l
e
w
a
t
e
r
s
o
f
t
h
e
U
.
S
.
,
r
e
q
u
i
r
e
s
t
h
a
t
a
l
l
s
u
c
h
d
i
s
c
h
a
r
g
e
s
b
e
r
e
p
o
r
t
e
d
t
o
t
h
e
C
o
a
s
t
G
u
a
r
d
o
r
U
.
S
.
E
P
A
,
a
n
d
a
u
t
h
o
r
i
z
e
s
t
h
e
C
o
a
s
t
G
u
a
r
d
o
r
U
.
S
.
E
P
A
t
o
r
e
q
u
i
r
e
t
h
e
d
i
s
c
h
a
r
g
e
r
t
o
c
l
e
a
n
u
p
t
h
e
s
p
i
l
l
a
t
t
h
e
e
x
p
e
n
s
e
o
f
t
h
e
d
i
s
c
h
a
r
g
e
r
.
S
e
c
t
i
o
n
3
1
1
(
c
)
(
2
)
o
f
P
L
9
2
—
5
0
0
r
e
q
u
i
r
e
s
t
h
a
t
a
n
a
t
i
o
n
a
l
c
o
n
t
i
n
g
e
n
c
y
p
l
a
n
b
e
e
s
t
a
b
l
i
s
h
e
d
i
n
o
r
d
e
r
t
o
p
r
o
v
i
d
e
f
o
r
r
e
s
p
o
n
s
e
t
o
s
p
i
l
l
s
.
I
n
d
u
s
t
r
i
e
s
t
h
a
t
s
t
o
r
e
o
r
t
r
a
n
s
p
o
r
t
s
i
g
n
i
f
i
c
a
n
t
q
u
a
n
t
i
t
i
e
s
o
f
o
i
l
o
r
h
a
z
a
r
d
o
u
s
m
a
t
e
r
i
a
l
s
a
r
e
r
e
q
u
i
r
e
d
t
o
d
e
v
e
l
o
p
a
n
d
m
a
i
n
t
a
i
n
s
p
i
l
l
p
r
e
v
e
n
t
i
o
n
c
o
n
t
i
n
g
e
n
c
y
p
l
a
n
s
a
s
p
a
r
t
o
f
t
h
e
i
r
S
e
c
t
i
o
n
4
0
2
permits.
DREDGING
f
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
i
s
r
e
g
u
l
a
t
e
d
b
y
t
h
e
U
.
S
.
A
r
m
y
D
r
e
d
g
i
n
g
a
n
d
d
i
s
p
o
s
a
l
o
i
s
i
o
n
s
o
f
t
h
e
R
i
v
e
r
s
a
n
d
H
a
r
b
o
r
s
A
c
t
o
f
1
8
9
9
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
u
n
d
e
r
t
h
e
p
r
o
v
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 and
und
er
the
pro
vis
ion
s o
f S
ect
ion
404
of
PL
92-
500
.
Sec
tio
n 4
04
req
uir
es
tha
t p
erm
its
be
iss
ued
for
all
dre
dgi
ng
act
ivi
tie
s i
n t
he
nav
iga
ble
wat
ers
of
the
U.S
.
Gui
del
ine
s f
or
the
iss
uan
ce
of
per
mit
s a
re
to
be
dev
elo
ped
by
the
U.S
.
EPA
in
con
jun
cti
on
wit
h t
he
Cor
ps
of
Eng
ine
ers
.
CANADA
COMBINED SEWERS AND STORMWATER
Und
er
the
Can
adi
an
pro
gra
m o
n u
rba
n d
rai
nag
e,
the
str
ate
gy
dev
elo
pme
nt
phas
e un
der
the
Cana
da-O
ntar
io A
gree
ment
is l
arge
ly c
ompl
eted
and
impl
emen
t-
atio
n ha
s be
gun.
Two
proj
ects
have
been
desi
gned
to p
rovi
de i
nfor
mati
on o
n
legi
slat
ive
and
regu
lato
ry p
ract
ices
in E
urop
e,
the
U.S.
, a
nd C
anad
a.
The
most
effe
ctiv
e o
f th
ese
prac
tice
s ar
e be
ing
inco
rpor
ated
into
prop
osal
s fo
r
impl
emen
tati
on i
n On
tari
o.
A pr
elim
inar
y dr
aft
poli
cy t
oget
her
with
supp
le—
mentary guidelines to control the runoff from new urban developments and
existing municipalities has been prepared and is under review.
VESSEL WASTES
Ontario regulations apply to pleasure craft only. The objective is
total containment; however, the Ministry of the Environment will accept
adequate flow—through systems on large vessels as an interim measure. The
overboard discharge of any form of raw sewage is prohibited.
SPILLS
Ontario has a Contingency Plan for Spills of Oil and Other Hazardous
Materials. Annex VI of the Plan, "Legislation", contains excerpts from the
following statutes affecting activities in Ontario pertaining to the problems
associated with pollution spills: Environmental Protection Act, Ontario
Water Resources Act, Pesticides Act, Public Lands Act, Drainage Act, Gasoline
Handling Act, Petroleum Resources Act, and Energy Act.
DREDGING
If a dredging activity comes under provincial jurisdiction, an application
to dredge must be made to the Ministry of the Environment, which will then
advise the applicant what it considers acceptable within the terms of the
Ontario Water Resources Act. The Ministry also tests for contaminated sedi—
ments and monitors water quality in connection with the dredging.
The environmental impact of dredging is assessed using the Ministry's
Marine Construction Guidelines. After the implementation of the Ontario
Environmental Assessment Act, a more comprehensive review will be implemented.
At present, there are guidelines for open water and land disposal of dredged
spoils. Criteria are continually being reviewed in the light of data obtained
from dredging projects on water quality and water use effects, and in light
of new information in the literature.
52
Ther
e ar
e no
prov
inci
al s
tatu
tes
whic
h co
ntai
n di
rect
refe
renc
e to
dre
dgi
ng,
alt
hou
gh
the
fol
low
ing
leg
isl
ati
on
cou
ld
be
app
lie
d i
ndi
rec
tly
to
exe
rci
se
con
tro
l o
ver
a d
red
gin
g a
cti
vit
y:
Ont
ari
o W
ate
r R
eso
urc
es
Act
,
Env
iro
nme
nta
l
Pro
tec
tio
n A
ct,
Bed
s
of
Nav
iga
ble
Wat
ers
Act
,
Pub
lic
Lan
ds
Act
,
Co
ns
er
va
ti
on
Au
th
or
it
ie
s
Act
,
Be
ac
h
Pr
ot
ec
ti
on
Ac
t,
Pu
bl
ic
He
al
th
Ac
t,
an
d
Lakes and Rivers Improvement Act.
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MMHIIM INPIIIS
 
 ﬂI
NI
II
II
II
II
II
II
II
N
AN
TI
MI
II
II
II
II
II
MN
IB
I
INTRODUCTION
Ch
ap
te
r
3
de
sc
ri
be
s
ma
te
ri
al
in
pu
ts
to
La
ke
Su
pe
ri
or
.
Th
is
fi
rs
t
se
ct
io
n
in
tr
od
uc
es
an
d
su
mm
ar
iz
es
th
e
re
ma
in
de
r
of
Ch
ap
te
r
3.
In
cl
ud
ed
ar
e
ma
te
ri
al
ba
la
nc
es
fo
r
ce
rt
ai
n
se
le
ct
ed
pa
ra
me
te
rs
.
Ch
ap
te
rs
3.
2
th
ro
ug
h
3.
10
pr
es
en
t
th
e
st
ud
y
re
su
lt
s
fo
r
th
e
va
ri
ou
s
in
pu
t
ca
te
go
ri
es
.
Th
es
e
in
pu
t
ca
te
go
ri
es
ar
e
di
re
ct
mu
ni
ci
pa
l
an
d
di
re
ct
in
du
st
ri
al
wa
st
ew
at
er
di
sc
ha
rg
es
,
tr
ib
ut
ar
ie
s,
at
mo
sp
he
ri
c
de
po
si
ti
on
,
sh
or
el
in
e
er
os
io
n,
th
er
ma
l
di
sc
ha
rg
es
,
ra
di
oa
ct
iv
it
y
di
sc
ha
rg
es
,
dr
ed
gi
ng
ac
ti
vi
ti
es
,
ve
ss
el
wa
st
e
di
sc
ha
rg
es
,
an
d
sp
il
ls
.
Ch
ap
te
r
3.
11
pr
es
en
ts
fu
tu
re
p
r
o
j
e
c
t
i
o
n
s
of
m
a
t
e
r
i
a
l
in
pu
ts
w
h
i
c
h
w
e
r
e
o
b
t
a
i
n
e
d
f
r
o
m
a
m
a
t
h
e
m
a
t
i
c
a
l
mo
de
l.
T
h
e
m
e
a
s
u
r
e
m
e
n
t
s
a
n
d
e
s
t
i
m
a
t
e
s
of
m
a
t
e
r
i
a
l
i
n
p
u
t
s
p
r
e
s
e
n
t
e
d
in
t
h
i
s
c
h
a
p
t
e
r
f
o
r
m
a
b
a
s
e
l
i
n
e
f
r
o
m
w
h
i
c
h
f
u
t
u
r
e
c
o
m
p
a
r
i
s
o
n
s
c
a
n
b
e
d
r
a
wn
.
T
h
e
y
a
l
s
o
s
h
o
w
t
h
e
s
i
g
n
i
f
i
c
a
n
c
e
of
v
a
r
i
o
u
s
i
n
p
u
t
c
a
t
e
g
o
r
i
e
s
a
n
d
s
o
u
r
c
e
s
a
n
d
p
r
o
v
i
d
e
a
b
a
s
i
s
f
o
r
d
i
s
c
u
s
s
i
o
n
i
n
C
h
a
p
t
e
r
s
4,
5,
a
n
d
6.
T
h
e
y
w
e
r
e
u
s
e
d
b
y
o
t
h
e
r
g
r
o
u
p
s
in
t
h
e
U
p
p
e
r
L
a
k
e
s
s
t
ud
y,
i
n
c
l
u
d
i
n
g
th
e
g
r
o
u
p
w
h
i
c
h
c
a
l
i
b
r
a
t
e
d
t
h
e
f
u
t
u
r
e
p
r
o
j
e
c
t
i
o
n
s
m
o
d
e
l
.
D
e
t
a
i
l
e
d
p
r
o
j
e
c
t
r
e
p
o
r
t
s
a
r
e
a
v
a
i
l
a
b
l
e
f
o
r
s
e
v
e
r
a
l
o
f
t
h
e
i
n
p
u
t
c
a
t
e
g
o
r
i
e
s
.
T
h
e
s
e
a
r
e
r
e
f
e
r
e
n
c
e
d
w
h
e
r
e
a
p
p
r
o
p
r
i
a
t
e
a
n
d
s
h
o
u
l
d
b
e
c
o
n
s
u
l
t
e
d
if
m
o
r
e
d
e
t
a
i
l
e
d
i
n
f
o
r
m
a
t
i
o
n
is needed.
G
E
N
E
R
A
L
D
E
S
C
R
I
P
T
I
O
N
O
F
T
H
E
M
A
T
E
R
I
A
L
B
A
L
A
N
C
E
M
a
t
e
r
i
a
l
b
a
l
a
n
c
e
s
h
a
v
e
b
e
e
n
a
s
s
e
m
b
l
e
d
f
o
r
f
i
v
e
s
i
g
n
i
f
i
c
a
n
t
p
a
r
a
m
e
t
e
r
s
f
o
r
L
a
k
e
S
u
p
e
r
i
o
r
.
T
h
e
b
a
l
a
n
c
e
s
a
r
e
e
s
s
e
n
t
i
a
l
l
y
t
a
b
u
l
a
t
i
o
n
s
o
f
t
h
e
m
a
t
e
r
i
a
l
i
n
p
u
t
s
t
o
a
n
d
o
u
t
p
u
t
s
f
r
o
m
t
h
e
l
a
k
e
.
T
h
e
d
a
t
a
w
h
i
c
h
a
r
e
s
h
o
w
n
h
e
r
e
w
e
r
e
o
b
t
a
i
n
e
d
f
r
o
m
t
h
e
s
u
b
s
e
q
u
e
n
t
s
e
c
t
i
o
n
s
o
f
C
h
a
p
t
e
r
3
a
n
d
t
h
e
backup project reports.
T
h
e
m
a
i
n
r
e
a
s
o
n
f
o
r
p
r
e
p
a
r
i
n
g
t
h
e
m
a
t
e
r
i
a
l
b
a
l
a
n
c
e
s
i
s
t
o
h
e
l
p
g
a
i
n
a
g
e
n
e
r
a
l
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
t
h
i
s
l
a
r
g
e
l
a
k
e
a
s
a
w
h
o
l
e
s
y
s
t
e
m
.
T
h
e
b
a
l
a
n
c
e
s
a
r
e
n
o
t
e
x
p
e
c
t
e
d
t
o
b
e
e
x
a
c
t
m
o
d
e
l
s
o
f
t
h
e
w
h
o
l
e
l
a
k
e
.
N
e
i
t
h
e
r
c
a
n
t
h
e
y
b
e
e
x
p
e
c
t
e
d
t
o
s
i
m
u
l
a
t
e
t
h
e
p
r
o
b
l
e
m
s
o
f
L
a
k
e
S
u
p
e
r
i
o
r
w
h
i
c
h
a
r
e
p
r
i
m
a
r
i
l
y
l
o
c
a
l
i
n
n
a
t
u
r
e
.
H
o
w
e
v
e
r
,
t
h
e
b
a
l
a
n
c
e
s
c
a
n
b
e
q
u
i
t
e
e
n
l
i
g
h
t
e
n
i
n
g
a
s
t
o
m
a
j
o
r
f
a
c
t
o
r
s
w
h
i
c
h
i
n
f
l
u
e
n
c
e
t
h
e
l
a
k
e
.
O
f
t
e
n
t
h
e
y
l
e
a
d
t
o
i
m
p
o
r
t
a
n
t
n
e
w
q
u
e
s
t
i
o
n
s
a
s
d
i
s
c
u
s
s
e
d
i
n
t
h
e
f
o
l
l
o
w
i
n
g
p
a
r
a
g
r
a
p
h
.
T
h
e
m
a
t
e
r
i
a
l
b
a
l
a
n
c
e
g
i
v
e
s
a
g
e
n
e
r
a
l
i
n
d
i
c
a
t
i
o
n
a
s
t
o
w
h
e
t
h
e
r
m
a
n
k
i
n
d
L1
i
S
p
r
e
s
e
n
t
l
y
a
f
f
e
c
t
i
n
g
t
h
e
w
h
o
l
e
l
a
k
e
.
I
f
n
o
t
,
t
h
e
m
a
t
e
r
i
a
l
b
a
l
a
n
c
e
H
E
c
a
n
b
e
a
s
t
a
r
t
i
n
g
p
o
i
n
t
f
o
r
d
e
t
e
r
m
i
n
i
n
g
w
h
a
t
f
u
t
u
r
e
c
o
n
d
i
t
i
o
n
s
c
o
u
l
d
j
g
C
a
u
s
e
W
h
o
l
e
-
l
a
k
e
p
r
o
b
l
e
m
s
.
I
n
e
i
t
h
e
r
c
a
s
e
,
t
h
e
m
a
t
e
r
i
a
l
b
a
l
a
n
c
e
w
i
l
l
L
}
S
h
o
w
w
h
i
c
h
i
n
p
u
t
s
a
r
e
m
o
s
t
s
i
g
n
i
f
i
c
a
n
t
.
F
r
o
m
t
h
i
s
e
v
a
l
u
a
t
i
o
n
,
t
h
e
m
o
s
t
N
i
57
 effective
remedial
or
preventive
measures
can
be
considered.
A
balance
can
also
be
a
starting
point
for
determining
the
fate
of
pollutant
inputs.
If
accumulation
is
occurring
within
the
lake
the
balance
can
help
in
estimating
the
steady-state
concentration
which
wouldbe
expected
at
current (or projected) input rates.
The
material
balance
equation
can
be
summarized
as
follows:
ZIINPUTS ' Z20UTPUTS = ACCUMULATION
\
Since
Lake
Superior
is
very
large,
the
time
required
to
reach
steady
state
is
very
long.
Therefore,
the
accumulation
term
is
probably
not
zero,
and
inputs
will
not
equal
outputs.
Accumulation
may
occur
as
sedimentation
or
as
an
increase
in
the
concentration
of
the
material
in
the
lake.
This
depends
on
the
nature
of
the
material.
Important
considerations
which
are
not
taken
into
account
here
are
the
dynamic
physical,
chemical,
and
biological
equilibria
in
the
lake.
These
can
cause
exchange
of
material
between
the
lake
water
and
the
lake
bottom,
and
in
some
cases
the
atmosphere.
Whether
these
are
significant
depends
on
the
nature
of
the
particular
material
being
balanced.
THE MATERIAL BALANCE PARAMETERS
Quantitative
measurement
of
all
sources
of
a
particular
material
and
subsequent
workup
of
the
data
to
form
a
material
balance
is
very
expensive.
Therefore,
material
balances
have
been
prepared
for
five
parameters
which
are
important
to
the
lake
as
a
whole.
These
parameters
are listed below:
(1)
Total
PhOSphorus
--
PhOSphorus
is
considered
by
many
to
be
the
nutrient
most
likely
to
limit
growth
of
algae
and
other
aquatic
organisms.
PhOSphorus
input
is
greatly
affected
by
the
amount
of
human
civilization
in
a
basin
and
is
probably
the
key
cause
of
unnatural
eutr0phication.
Many
inputs
of
phosphorus
are
relatively
easy
to
control.
"Total"
phosphorus
is
used
in
the
balance
because
many
of
the
various
chemical
forms
can
become
available
to
the
biota
in
the
lake.
(2)
Total
Nitrogen
--
Nitrogen
is
also
considered
an
important
nutrient.
It
may
be
limiting
in
some
areas
of
Lake
Superior.
Since
the
atmosphere
contains
mostly
nitrogen,
natural
equilibrium
forces
may
result
in
exchange
which
would
not
be
taken
into
account
in
the
balance.
However,
this
is
probably
not
significant
in
Lake
Superior
because
it
does
not
contain
large
numbers
of
nitrogen-converting
organisms.
As
with
phosphorus,
"total"
n
i
t
r
o
g
e
n
is
us
e
d
in
the
b
a
l
a
n
c
e
b
e
c
a
us
e
m
a
n
y
of
the
va
r
i
o
us
c
h
e
m
i
c
a
l
forms
can
b
e
c
o
m
e
a
va
i
l
a
b
l
e
to
the
b
i
o
t
a
in
the
lake.
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 (3)
Rea
cti
ve
Sil
ica
te
-—
Sil
ico
n i
s c
ons
ide
red
to
be
the
lim
iti
ng
nut
rie
nt
for
dia
tom
s,
the
mos
t c
omm
on
alg
ae
in
Lak
e S
upe
rio
r.
The
ref
ore
,
if
sil
ico
n i
s l
imi
ted
, l
ess
des
ira
ble
alg
ae
tak
e t
hei
r
place.
(4)
Tot
al
Dis
sol
ved
Sol
ids
—-
Thi
s
is
the
bes
t
mea
sur
e o
f
tot
al
im—
pur
iti
es
in
the
lak
e.
It
is
mea
sur
ed
by
mul
tip
lyi
ng
con
duc
tiv
ity
,
me
as
ur
ed
in
mi
cr
os
ie
me
ns
pe
r
ce
nt
im
et
re
,
by
0.
65
(l)
.
Ab
ou
t
ha
lf
of
the
tot
al
dis
sol
ved
sol
ids
in
Lak
e
Sup
eri
or
is
bic
arb
ona
te
ion
.
Th
e
bi
ca
rb
on
at
e
io
n
ap
pr
oa
ch
es
eq
ui
li
br
iu
m
wi
th
li
me
st
on
e
in
th
e
la
ke
bo
tt
om
an
d
wi
th
ca
rb
on
di
ox
id
e
in
th
e
at
mo
sp
he
re
.
Th
er
ef
or
e,
th
e
ba
la
nc
e
ma
y
be
af
fe
ct
ed
so
me
wh
at
by
th
es
e
ex
ch
an
ge
s.
(5
)
Ch
lo
ri
de
-—
Th
is
is
an
ea
si
ly
-m
ea
su
re
d,
no
n-
re
ac
ti
ve
su
bs
ta
nc
e
us
ed
to
ch
ec
k
th
e
va
li
di
ty
of
th
e
ba
la
nc
es
.
It
is
al
so
a
po
rt
io
n
of
th
e
di
ss
ol
ve
d
so
li
ds
wh
ic
h
is
gr
ea
tl
y
in
fl
ue
nc
ed
by
hu
ma
n
ci
vi
li
za
ti
on
in
th
e
ba
si
n.
It
ma
y
be
an
im
po
rt
an
t
fa
ct
or
in
re
gu
la
ti
ng
th
e
am
ou
nt
of
di
ss
ol
ve
d
so
li
ds
in
th
e
la
ke
.
Ma
te
ri
al
ba
la
nc
es
fo
r
to
xi
ca
nt
s
pr
es
en
t
in
tr
ac
e
am
ou
nt
s,
su
ch
as
me
rc
ur
y,
DD
T,
an
d
PC
B'
s,
wo
ul
d
ha
ve
be
en
de
si
ra
bl
e
in
th
is
st
ud
y.
Th
ey
we
re
no
t
do
ne
be
ca
us
e
mo
st
of
th
e
in
pu
t
so
ur
ce
s
sa
mp
le
d
we
re
be
lo
w
th
e
de
te
ct
io
n
li
mi
t
fo
r
th
es
e
ma
te
ri
al
s.
Th
er
ef
or
e,
an
y
su
ch
ta
bu
la
ti
on
wo
ul
d
ha
ve
be
en
me
an
in
gl
es
s.
Th
e
im
po
rt
an
ce
of
th
es
e
tr
ac
e
ma
te
ri
al
s
to
th
e
wh
ol
e-
la
ke
sy
st
em
s
is
be
co
mi
ng
in
cr
ea
si
ng
ly
ap
pa
re
nt
.
As
so
on
as
an
al
yt
ic
al
te
ch
ni
qu
es
wi
ll
pe
rm
it
,
ma
te
ri
al
ba
la
nc
e
ta
bu
la
ti
on
s
should be done.
IN
TE
RL
AK
E
TR
AN
SP
OR
T
ES
TI
MA
TE
S
In
o
r
d
e
r
to
p
r
e
p
a
r
e
th
e
m
a
t
e
r
i
a
l
ba
la
nc
es
,
th
e
am
ou
nt
s
of
m
a
t
e
r
i
a
l
s
tr
an
sp
or
te
d
ou
t
of
La
ke
Su
pe
ri
or
vi
a
th
e
St
.
Ma
ry
s
Ri
ve
r
we
re
ne
ed
ed
.
Th
es
e
ha
ve
be
en
es
ti
ma
te
d
as
fo
ll
ow
s,
in
to
nn
es
pe
r
ye
ar
:
T
o
t
a
l
P
h
o
s
p
h
o
r
u
s
=
4
0
2
T
o
t
a
l
N
i
t
r
o
g
e
n
=
2
1
,
9
0
0
Reactive Silicate
(
a
s
S
i
O
z
)
=
1
5
0
,
0
0
0
T
o
t
a
l
D
i
s
s
o
l
v
e
d
S
o
l
i
d
s
=
4
,
0
2
0
,
0
0
0
C
h
l
o
r
i
d
e
=
7
6
,
7
0
0
Th
es
e
w
e
r
e
c
a
l
c
u
l
a
t
e
d
us
i
n
g
th
e
a
ve
r
a
g
e
19
73
f
l
o
w
of
th
e
St
.
M
a
r
ys
Ri
ve
r,
2
0
6
0
m
a
/
s
(
2
)
.
C
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
m
e
a
s
u
r
e
d
b
y
t
h
e
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
th
e
E
n
v
i
r
o
n
m
e
n
t
a
n
d
t
h
e
C
a
n
a
d
a
C
e
n
t
r
e
f
o
r
I
n
l
a
n
d
W
a
t
e
r
s
in
W
h
i
t
e
f
i
s
h
B
a
y
i
n
1
9
7
3
.
T
h
e
d
a
t
a
a
r
e
g
i
v
e
n
i
n
C
h
a
p
t
e
r
s
4
.
1
a
n
d
5
.
3
.
 MATERIAL BALANCE TABU LATIONS
The material balance tabulations are shown in Tables 3.1—1 through
3.1-5. Observations and comments are listed on each table. The tables
are arranged in the following order:
  
Total
Total Total Reactive Dissolved
Parameter Phosphorus Nitrogen Silicate Solids Chloride
Location 3.1-1 3.1-2 3.1-3 3.1-4 3.145
Several important points are common to all of the tables. The
municipal and industrial inputs shown are only those which go directly
to the lake. Wastewater discharges upstream from tributary mouths are
not shown separately but are included in the tributary inputs. For
phOSphorus, independent calculations were made to estimate the amounts
entering the tributary from wastewater discharges. These upstream
discharges plus the direct phosphorus inputs equal the total phosphorus
entering the lake from municipal and industrial sources (assuming all
which enters the tributaries eventually reaches the lake). These estimates
were based on average phosphorus concentrations in treated municipal
effluent and the total average volume of treated sewage entering the
tributaries.
The only direct-discharging industry for Minnesota is Reserve
Mining Company.
Inputs shown for Reserve Mining are the amounts available
to the lakewater, rather than total inputs, which are shown for other
municipal and industrial sources.
This was done because of the huge
amount of non-available crushed rock in the Reserve discharge.
Sampled tributaries include all the larger ones plus any smaller
ones which have significant upstream wastewater inputs. Unsampled ones
were estimated based on similar sampled streams (Chapter 3.3).
AtmOSpheric inputs shown are based on sample results.
Independent
estimates of the atmosPheric
inputs obtained from mathematical models
often varied from the sample results (Chapter 3.4).
In general, confidence
in the atmospheric
input estimates is not as great
as the tributary,
municipal,
and industrial
input estimates.
There
is also a greater
lack of confidence
in the shoreline erosion input estimates due to the
difficulty in measuring them.
There are several
SOurces of material
inputs which have been estimated
but do not have a significant effect on the material balances.
These
are
not
shown
on
the
summary
tables,
but
are discussed
below.
Vessel
wastes
are
discussed
in
detail
in
Chapter
3.9.
They
are
a
significant
portion of
the
total
inputs
only
for
chloride
and
total
dissolved
solids,
which
result
from
dumping
of
salt
water
ballast.
These
two
parameters
are
shown
in
the
summary
tables;
the
other
parameters
are not shown for vessel wastes.
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Dredging
inputs
(Chapter
3.8)
are
based
on
gross
amounts
of
dredged
material dumped in the lake.
It is likely that only a small portion
of this material
is available to the lake water.
The problems
associated
with this material tend to be primarily localized.
In view of the
uncertainty in estimating the amount "available" to the lake (which
is felt to be small in relation to the total inputs), dredging inputs
have not been shown in the summary tables.
Spills and storm sewer inputs are omitted from the material balance
summary tables.
They are felt to be relatively small in relation to
the total inputs. They are also variable and difficult to estimate.
Groundwater inputs to Lake Superior have not been measured or
estimated. They are also suspected to be small relative to the other
inputs. However, there is very little information available on groundwater
inputs to Lake Superior.
MATERIAL BALANCE SUMMARY
As mentioned above, observations and comments are shown on each
material balance table. It is difficult to generalize about the various
parameters. However, a bar graph has been prepared (Figure 3.1-1) to
illustrate the material balances for Lake Superior. Certain generalities
are evident:
(l) Tributaries are the largest input source for all parameters
except nitrogen. Atmospheric inputs are the largest source
of nitrogen.
(2) Direct municipal and industrial sources are a minor input
in all cases. Thus, Lake Superior is quite different from
Lake Erie and Ontario.
(3) There is a net accumulation of the nutrients phosphorus,
nitrogen,and silicon. This is probably due to the sedimentation
of dead algae.
(4) There is also a net accumulation of total dissolved solids
and chloride. Accumulation will probably result in increasing
concentrations in the lake for these parameters.
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LAK
E S
UPE
RIO
R M
ATE
RIA
L B
ALA
NCE
FOR
REA
CTI
VE
SIL
ICA
TE
(AS
810
2)
      
LOADINGS IN TONNES PER YEAR
SOURCE DIRECT DIRECT TRIBUTARY TOTAL
MUNICIPAL INDUSTRIAL SAMPLED UNSAMPLED
MICHIGAN 45 0 36,100 22,200 58,300
WISCONSIN 49 32 43,400 44,100 87,600
MINNESOTA 26 8,810 47,300 5,860 62,000
ONTARIO 118 1,150 176,000 37,200 214,000
ATMOSPHERIC INPUTS T 26,100
SHORE EROSION INPUTS 14,400
TOTAL INPUTS 462,000
TOTAL OUTPUTS (VIA THE ST. MARYS RIVER) 150,000
 
OBSERVATIONS AND COMMENTS
Tributaries account for 89% of the total inputs, about equally dividedbetween
U.S. and Canadian sources. Other sources are relatively minor.
The measured output is about 32% of the total inputs.
Tributary loadings depend primarily on their flow rates. Concentrations are
relatively constant and do not seem to depend on human civilization. This
would indicate that the lake may be closer to steady state for silicate than
for other materials which are more strongly influenced by civilization. For
this reason it is surprising that there is not a better balance between inputs
and outputs. Perhaps sedimentation of diatoms is occurring.
The loadings from municipal, industrial, and tributary sources are projected
to increase 5% by 2020. This assumes that the present general level of waste
treatment continues and that non—point source inputs remain constant. There-
fore, the projected increase is entirely due to the forecast population in—
creases and industrial expansions. No loading projections have been made for
the other sources, including atmospheric inputs.
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LAKE SUPERIOR MATERIAL BALANCE FOR TOTAL DISSOLVED SOLIDS
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Municipal and industrial facilities have several characteristics
in common. Both are capable of discharging significant amounts of any
of the parameters addressed in this study. Only municipal and industrial
facilities which discharge directly to Lake Superior or are downstream
of tributary sampling stations are considered in this subchapter; their
locations are shown in Figure 3.2-1. Those which discharge to tributaries
are included with the tributary data presented in Chapter 3.3.
Municipal sewerage systems carry the wastes of their service area
to a single point for discharge. As a result, these systems accumulate
to measurable levels materials which occur naturally only in trace
amounts. Most municipal discharges contain primarily treated domestic
sewage. The composition of these discharges is fairly similar. However,
where large industrial discharges are treated along with the domestic
wastes, the effluent composition can be quite different.
Industrial facilities can be significant sources of material inputs
because of their size and use of otherwise unusual materials in their
production processes. They can be a source of materials which occur
naturally only in small amounts, or not at all. Their discharge to
the environment can be particularly hazardOus.
QUANTITATIVE ESTIMATES OF MATERIAL BALANCE PARAMETER INPUTS
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and
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ive
mate
rial
balance parameters (total nitrogen, total phosphorus, dissolved solids,
reactive silicate, and chloride) to Lake Superior are summarized in
Table 3.2-1. The relative sizes of these contributions by U.S. and
Canadian sources are displayed graphically in Figure 3.2-2. The Canadian
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QUANTITATIVE ESTIMATES OF SIGNIFICANT PARAMETER INPUTS
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m
59
3
8,
62
0
9,
22
0
Ma
ng
an
es
e
11
.0
33
5
34
6
Me
rc
ur
y
0.
00
9
0.
34
0
0.
34
9
Ni
ck
el
0.
64
0
30
.0
30
.6
Ni
tr
og
en
,
To
ta
l
as
N
1,
37
0
1,
55
0
2,
92
0
Ni
tr
og
en
,
Or
ga
ni
c
as
N
575
1,
33
0
1,
90
0
Ni
tr
og
en
,
Am
mo
ni
a
as
N
71
8
89
.3
80
7
Ni
tr
og
en
,
N0
3
+
N0
2
as
N
73
.1
140
21
3
Oi
l
—
Gr
ea
se
15
8
61
4
772
Phe
nol
s
1.5
6
218
220
Pho
sph
oru
s,
Tot
al
as
P
363
271
634
Pho
sph
oru
s,
Rea
cti
ve
P04
as
P
166
33.
6
200
Pht
hal
ate
s
0.0
25
0.0
24
0.0
49
Pol
ych
lor
ina
ted
Bip
hen
yl
0.0
06
0.0
05
0.0
11
Pot
ass
ium
484
7,7
40
8,2
30
Sel
eni
um
0.0
13
Not
Sam
ple
d
0.0
13
Sil
ica
te,
Rea
cti
ve
as
$10
2
655
27,
400
28,
100
SO
di
um
2.
32
0
84
,2
00
86
,5
00
SO
li
ds
,
To
ta
l
25
,2
00
34
,2
00
,0
00
34
,2
00
,0
00
Sol
ids
, D
iss
olv
ed
21,
400
727
,00
0
748
,00
0
SO
li
ds
,
Pa
rt
iC
U1
at
e
3,
31
0
33
,4
00
,0
00
33
,4
00
,0
00
Sulf
ate
as 8
04
1,68
0
59,4
00
61,1
00
Zin
c
4.1
8
175 179 #_J
  
The totals shown above represent all available data.
were
not
samp
led
for
all
para
mete
rs,
and
some
anal
ytic
al
tech
niqu
es v
arie
d
among the four jurisdictions.
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However, some discharges
For details, consult the project reports (1, 2)-
II
.
“
E
The samples for industrial discharges were collected in a similar
mann
er b
y t
he di
scha
rger
s.
All
para
mete
rs w
ere
samp
led
quar
terl
y an
d th
e
samples were grab composites over 12— to 24—hour periods. Loadings
were
comp
uted
by m
ulti
plyi
ng t
he c
once
ntra
tion
s by
aver
age
flow
s r
epre
-
sent
ativ
e of
the
surv
ey p
erio
ds.
In m
any
inst
ance
s ad
diti
onal
data
were
used from daily industrial sampling programs.
EV
AL
UA
TI
ON
OF
THE
AC
CU
RA
CY
OF
THE
EST
IMA
TES
Two
maj
or
con
sid
era
tio
ns
aff
ect
the
acc
ura
cy
of
the
loa
din
g e
sti
mat
es.
One
is
how
wel
l
the
col
lec
ted
dat
a r
epr
ese
nt
the
fac
ili
ty
at
the
tim
e
of
sam
pli
ng.
The
sec
ond
is
how
wel
l t
he
ope
rat
ing
con
dit
ion
s o
f t
he
fac
ili
ty
dur
ing
the
sur
vey
cha
rac
ter
ize
the
yea
r-r
oun
d d
isc
har
ge.
ME
AS
UR
IN
G
TH
E
LO
AD
IN
G
RA
TE
DU
RI
NG
A
SU
RV
EY
Dur
ing
a
sur
vey
per
iod
,
the
acc
ura
cy
of
the
loa
din
g
est
ima
tes
de
pe
nd
s
on
ob
ta
in
in
g
re
pr
es
en
ta
ti
ve
pa
ra
me
te
r
co
nc
en
tr
at
io
ns
an
d
fl
ows
.
Co
ll
ec
ti
ng
sa
mp
le
s
wh
ic
h
ar
e
pr
op
or
ti
on
ed
for
fl
ow
an
d
co
mp
os
it
ed
ov
er
th
e
su
rv
ey
pe
ri
od
is
th
e
be
st
sa
mp
li
ng
te
ch
ni
qu
e.
Ho
we
ve
r,
the
ac
cu
ra
cy
of
th
e
lo
ad
in
g
es
ti
ma
te
is
al
so
af
fe
ct
ed
by
th
e
ac
cu
ra
ci
es
of
the
la
bo
ra
to
ry
an
al
ys
is
an
d
by
th
e
fl
ow
me
as
ur
em
en
t.
Th
e
la
bo
ra
to
ry
ac
cu
ra
cy
va
ri
es
wi
de
ly
fo
r
ea
ch
pa
ra
me
te
r.
So
me
de
te
rm
in
at
io
ns
ne
ar
th
e
de
te
ct
io
n
li
mi
t
ma
y
be
ac
cu
ra
te
to
wi
th
in
on
ly
i
50
%,
as
in
th
e
ca
se
of
tr
ac
e
am
ou
nt
s
of
he
av
y
me
ta
ls
.
Ot
he
r
de
te
rm
in
a-
ti
on
s
ma
y
be
ac
cu
ra
te
to
wi
th
in
i
5%.
Th
us
,
ea
ch
pa
ra
me
te
r
mu
st
be
co
ns
id
er
ed
se
pa
ra
te
ly
.
Th
e
la
bo
ra
to
ry
pr
ec
is
io
n
an
d
ac
cu
ra
cy
st
at
is
ti
cs
ca
n
be
co
ns
ul
te
d
fo
r
gr
ea
te
r
de
ta
il
(4
).
Si
mi
la
rl
y,
th
e
ac
cu
ra
cy
of
th
e
be
st
fl
ow
me
as
ur
em
en
t
is
ab
ou
t
i
10
%,
wh
il
e
ot
he
rs
ma
y
be
on
ly
i
25
%
ac
cu
ra
te
.
In
ge
ne
ra
l,
th
e
ac
cu
ra
cy
of
th
e
pr
od
uc
t
of
tw
o
es
ti
ma
te
s
is
li
mi
te
d
by
th
e
le
as
t
ac
cu
ra
te
fa
ct
or
of
th
e
pr
od
uc
t.
Th
er
ef
or
e,
ei
th
er
fl
ow
or
co
nc
en
tr
at
io
n
ca
n
be
li
mi
ti
ng
.
 
Th
e
be
st
ex
pe
ct
ed
ac
cu
ra
cy
of
th
e
co
mp
ut
ed
lo
ad
in
g
ra
te
s
is
i
10
%,
wh
il
e
th
e
po
or
es
t
ac
cu
ra
cy
ma
y
be
as
lo
w
as
i
50
%.
ES
TI
MA
TI
ON
OF
TH
E
A
V
E
R
A
G
E
Y
E
A
R
—R
O
U
N
D
LO
AD
IN
G
T
h
e
a
c
c
u
r
a
c
y
of
th
e
o
v
e
r
a
l
l
l
o
a
d
i
n
g
es
ti
ma
te
de
pe
nd
s
on
h
o
w
we
l
l
th
e
su
rv
ey
(o
r
su
rv
ey
s)
ch
ar
ac
te
ri
ze
th
e
ye
ar
-r
ou
nd
di
sc
ha
rg
e.
Th
is
de
pe
nd
s
on
nu
me
ro
us
fa
ct
or
s
wh
ic
h
ca
us
e
fl
uc
tu
at
io
ns
in
th
e
qu
al
it
y
an
d
qu
an
ti
ty
of
di
sc
ha
rg
es
.
Th
er
ef
or
e,
fo
r
re
la
ti
ve
ly
co
ns
ta
nt
di
sc
ha
rg
es
,
su
ch
as
mu
ni
ci
pa
l
se
wa
ge
tr
ea
tm
en
t
pl
an
ts
,
th
e
es
ti
ma
te
ma
y
We
ll
be
Q
U
i
t
e
a
c
c
u
r
a
t
e
.
H
o
w
e
v
e
r
,
f
o
r
t
h
e
m
o
r
e
v
a
r
i
a
b
l
e
i
n
d
u
s
t
r
i
a
l
d
i
s
c
h
a
r
g
e
s
,
th
e
es
ti
ma
te
ma
y
no
t
be
ne
ar
ly
so
go
od
.
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 SI
GN
IF
IC
AN
T
MU
NI
CI
PA
L
AN
D
IN
DU
ST
RI
AL
DI
SC
HA
RG
ES
The
lar
ges
t
ind
ust
ria
l i
npu
ts
to
Lak
e S
upe
rio
r
are
the
pul
p a
nd
pap
er
mil
ls
on
the
Can
adi
an
sid
e a
nd
Res
erv
e M
ini
ng
Com
pan
y o
n t
he
U.S
.
sid
e.
Lar
ge
mun
ici
pal
inp
uts
are
the
Thu
nde
r B
ay
are
a i
n O
nta
rio
and
the
Dul
uth
-Su
per
ior
are
a i
n M
inn
eso
ta
and
Wis
con
sin
.
The
eff
ect
s o
f
the
se
dis
cha
rge
s o
n t
he
rec
eiv
ing
wat
ers
are
dis
cus
sed
in
Cha
pte
r 4
.
In
gen
era
l,
the
mun
ici
pal
and
ind
ust
ria
l p
oin
t s
our
ces
mak
e u
p
a relatively small portion of the total loadings to Lake Superior, as
dis
cus
sed
in
Cha
pte
r 3
.1.
Thi
s i
s d
ue
to
the
sma
ll
amO
unt
of
pop
ula
tio
n
in
the
Lak
e S
upe
rio
r B
asi
n.
Thi
s i
s i
n c
ont
ras
t t
o t
he
Low
er
Lake
s wh
ich
have
many
larg
e in
puts
from
muni
cipa
l an
d in
dust
rial
sour
ces.
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Tributaries
are
the
largest
source
of
material
inputs
to
Lake
Superior.
The
loadings
of
individual
tributaries
are
a
function
of
the
basin
size,
runoff
volume,
geology,
and
cultural
development.
Basins
with
large
populations
and
diverse
industries
contribute
larger
inputs
than
relatively
undeveloped
basins
of
similar
size.
Sources
of
materials
discharged
to
the
tributaries
include
municipal
and
industrial
point
sources,
combined
sewer
overflows,
stormwater
runoff
from
urban
and
rural
areas,
soil
erosion,
and
Spills.
Because
of
this
tremendous
variation
in
the
types
of
inputs
to
the
tributaries,
they
contain
a
wide
variety
of
materials.
Tributary
flows
to
Lake
Superior
are
large.
Because
of
this,
large
amounts
of
most
materials
considered
in
this
study
enter
the
lake
via
the
tributaries.
The
tributaries
which
were
sampled
are
shown
in
Figure
3.3-1.
QUANTITATIVE
ESTIMATES
OF
MATERIAL
BALANCE
PARAMETER
INPUTS
The measured tributary inputs of the five material balance parameters
(total nitrogen,
total phosphorus,
dissolved solids, reactive silicate,
and chloride) to Lake Superior are summarized by jurisdiction in Table
3.3—1.
As shown on the table, tributary inputs from the unsampled portion
of the basin were also estimated.
The relative sizes of these contributions
by U.S. and Canadian jurisdictions are displayed graphically in Figure
3.3-2.
These inputs are summarized in the material balances of Chapter
3.1, along with all other sources.
QUANTITATIVE
ESTIMATES
OF
SIGNIFICANT
PARAMETER
INPUTS
Loading estimates for 39 parameters are listed in Table 3.3-2 for
the land drainage and tributary inputs to Lake Superior. This listing
includes all parameters of significance measured in this study. Details
of individual tributaries are shown in the project reports (1, 2).
METHODS OF LOADING ESTIMATION
Michigan, Wisconsin, Minnesota, and Ontario computed estimates
of their respective land drainage and tributary inputs to Lake Superior.
The computations varied somewhat for each agency, and are described
below.
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MICHIGAN; MINNESOTA; AND WISCONSIN
Tributaries were sampled twice per month during three spring months
and monthly during the remainder of the year. Grab samples were collected
to determine material concentrations. Average streamflow on the days
when samples were taken was determined from the appropriate United States
Geological Survey streamflow gages. For those tributaries without gages,
instantaneous flow measurements were made at the time of sampling.
For some ungaged tributaries, stage-discharge relationships were developed
to determine flow at the time of sampling. In all cases, the daily
flow and associated daily parameter concentrations were used to compute
daily loading rates. These were then averaged to yield mean loading
rates for the study period.
The streams sampled did not comprise the entire Lake Superior Basin.
Therefore, the unsampled land drainage loading contribution was estimated
by using concentrations and flows per unit of drainage area from sampled
streams having similar geographic characteristics. Loading was then
determined by multiplying unsampled drainage area by flow per unit of
area and by concentration.
ONTARIO
Ontario's tributaries were grab sampled three to fifteen times
per year, depending on the parameter. The parameters with greater
variation were sampled more often. Loading estimates were based on
the product of the average concentrations and the average flows for
the
stud
y pe
riod
.
At s
ampl
ing
stat
ions
with
out
stre
am g
ages
, an
esti
mate
of
the
aver
age
stud
y pe
riod
flow
was
made
base
d on
a ne
arby
stre
am g
age.
Loa
din
gs
fro
m u
nsa
mpl
ed
are
as
wer
e e
sti
mat
ed
in
the
sam
e w
ay
as
on
the
U.S. side.
EVALUATION OF THE ACCURACY OF THE ESTIMATES
Two
maj
or
con
sid
era
tio
ns
aff
ect
the
acc
ura
cy
of
the
tri
but
ary
loa
din
g
est
ima
tes
.
One
is
how
wel
l
the
col
lec
ted
dat
a
rep
res
ent
the
tri
but
ary
loa
din
g
rat
e
at
the
tim
e
of
sam
pli
ng.
The
sec
ond
is
how
wel
l
the
sam
ple
d
lo
ad
in
g
ra
te
s
ch
ar
ac
te
ri
ze
the
me
an
an
nu
al
lo
ad
in
g
rat
e.
MEASURING THE LOADING RATE AT THE TIME OF SAMPLING
Th
e
ac
cu
ra
cy
of
th
e
da
il
y
lo
ad
in
g
ra
te
de
pe
nd
s
on
wh
et
he
r
th
e
sa
mp
le
is
re
pr
es
en
ta
ti
ve
of
th
e
en
ti
re
st
re
am
,
as
we
ll
as
th
e
ac
cu
ra
cy
of
th
e
la
bo
ra
to
ry
an
al
ys
is
an
d
the
st
re
am
fl
ow
me
as
ur
em
en
t.
Fo
r
sm
al
l,
sw
if
t
st
re
am
s,
th
er
e
sh
ou
ld
be
al
mo
st
co
mp
le
te
mi
xi
ng
ve
rt
ic
al
ly
an
d
la
te
ra
ll
y.
In
sl
ow
er
st
re
am
s
the
mi
xi
ng
wi
ll
be
les
s
id
ea
l
ve
rt
ic
al
ly
,
an
d
in
wi
de
r
st
re
am
s
the
mi
xi
ng
wi
ll
be
les
s
id
ea
l
la
te
ra
ll
y.
Sa
mp
li
ng
lo
ca
ti
on
s
we
re
ch
os
en
to
gi
ve
th
e
be
st
sa
mp
le
s
po
ss
ib
le
.
Ho
we
ve
r,
th
e
ac
cu
ra
cy
of
lo
ad
in
g
me
as
ur
em
en
ts
de
ri
ve
d
fr
om
th
es
e
sa
mp
le
s
wi
ll
va
ry
so
me
wh
at
.
Th
e
la
bo
ra
to
ry
ac
cu
ra
cy
va
ri
es
wi
de
ly
fo
r
ea
ch
pa
ra
me
te
r.
So
me
de
te
rm
in
at
io
ns
ne
ar
th
e
de
te
ct
io
n
li
mi
t
ma
y
be
ac
cu
ra
te
to
Wl
th
ln
.
.
i
50
%,
as
in
th
e
ca
se
of
tr
ac
e
am
ou
nt
s
of
he
av
y
me
ta
ls
.
Ot
he
r
de
te
rm
in
at
io
ns
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TABLE 3.3—1
TRIBUTARY INPUTS 0F MATERIAL BALANCE PARAMETERS T0 LAKE SUPERIOR
JULY 1973 - JUNE 1975
M e a n
L o a d i n g
(kg/d)
O n t a r i o
(2)
M i c h i g a n (l)
W i s c o n s i n(1) M i n n e s o t a (l)
Parameter Sampled Unsampled Sampled Unsampled Sampled Unsampled Sampled Unsampled
Tot
al
Loa
din
g
(
k
g
/
d
)
Total
Nitrogen
‘ as N
40,200 6,620 11,100 4,030 8,380 8,420 19,800
8
0
Tot
al
Phosphorus
as P
2,520 489 565 172 1,330 1,250 1,360
Dissolved
Solids
8,490,000 1,400,000 1,250,000 656,000 1,730,000 1,830,000 1,000,000
Reactive
Silicate
as
Si02
481,000 102,000 99,000 60,700 119,000 121,000 130,000
Chloride
266,000 25,500 101,000 9,680 24,100 23,100 127,000
         
1,510
74.0
78,500
16,100
4,890
 
100,000
7,760
16,400,000
1,130
,000
581,000
 
 FIGURE
3.3-2
LAKE SUPERIOR BASIN I WHOLE LAKE MATERIAL BALANCE PARAMETERS
RELATIVE CONTRIBUTIONS BY SOURCES
US. AND CANADIAN LAND DRAINAGE AND TRIBUTARY INPUTS
JULY I973-JUNE I975
TOTAL NITROGEN TOTAL PHOSPHORUS DISSOLVED SOLIDS
CHLORIDE
REACTIVE SIUCATE loo
IO0,000 kq/d 7,760 kq/d I6,400,000 kq/d 58l,000 kg/d |.I30,000 kq/d
1
O0
5
~90
 
‘3 LOADIN
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TABLE 3.3-2
TR
IB
UT
AR
Y
IN
PU
TS
To
LA
KE
SU
PE
RI
OR
JULY 1973 — JUNE 1975
   
M
e
a
n
L
o
a
d
i
n
g
(k
g/
d)
Sa
mp
le
d
Un
sa
mp
le
d
Par
ame
ter
Bas
in
Bas
in
Tot
al
Al
ka
li
ni
ty
as
Ca
C0
3
1,
91
0,
00
0
1,
11
0,
00
0
3,
02
0,
00
0
Ar
se
ni
c
1,
12
0
17
0
1,
29
0
Ba
ri
um
5,
20
0
1,
85
0
7,
05
0
BO
D
(5
Da
y
@
20
°C
)
28
1,
00
0
59
,6
00
34
0,
00
0
Ca
dm
iu
m
79
3
16
9
96
2
Ca
lc
iu
m
2,
66
0,
00
0
61
2,
00
0
3,
27
0,
00
0
Car
bon
,
Tot
al
Org
ani
c
1,9
60,
000
523
,00
0
2,4
90,
000
Che
mic
al
Oxy
gen
Dem
and
5,0
30,
000
1,2
50,
000
6,2
80,
000
Chl
ori
de
518
,00
0
63,
200
581
,00
0
Ch
ro
mi
um
1,
70
0
46
8
2,
17
0
Co
pp
er
1,
78
0
99
8
2,
78
0
Cya
nid
e
974
310
1,2
80
Flu
ori
de
16,
700
5,9
70
22,
600
Iro
n
129
,00
0
49,
900
179
,00
0
Lea
d
2,0
10
1,0
20
3,0
30
Mag
nes
ium
844
,00
0
146
,00
0
990
,00
0
Man
gan
ese
4,7
60
1,8
60
6,6
20
Mer
cur
y
29.
3
13.
2
42.
5
Nic
kel
1,1
82
501
1,6
80
Nit
rog
en,
Tot
al
as
N
79,
500
20,
600
100
,00
0
Nit
rog
en,
Org
ani
c a
s N
56,
000
15,
000
71,
000
Nit
rog
en,
Amm
oni
a a
s N
8,1
30
2,1
00
10,
200
Nit
rog
en,
N03
+ N
02
as
N
15,
200
3,4
10
18,
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Oil
— G
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se
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,00
0
34,
400
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,00
0
Pes
tic
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s
1.1
2
1.8
7
2.99
Phe
nol
s
539
186
725
Phos
phor
us,
Tota
l as
P
5,78
0
1,99
0
7,76
0
Pho
sph
oru
s,
Rea
cti
ve
P04
as
P
1,2
00
559
1,7
60
Pht
hal
ate
s
0.6
80
Not
Sam
ple
d
0.6
80
Pol
ych
lor
ina
ted
Bip
hen
yl
3.1
6
1.6
1
4.77
Pota
ssiu
m
185,
000
50,2
00
236,
000
Sel
eni
um
110
74.
0
184
Sili
cate
, R
eact
ive
as S
102
828,
000
300,
000
1,13
0,00
0
Sodi
um
428,
000
109,
000
537,
000
Soli
ds,
Tota
l
16,2
00,0
00
4,82
0,00
0
21,0
00,0
00
Soli
ds,
Diss
olve
d
12,5
00,0
00
3,96
0,00
0
16,4
00,0
00
Soli
ds,
Part
icul
ate
3,06
0,00
0
1,11
0,00
0
4,17
0,00
0
Sulf
ate
as 8
04
1,13
0,00
0
296,
000
1,43
0,00
0
Zinc 2,720 1,040 3,760
   
The totals shown above represent all available data.
were
not
samp
led
for
all
para
mete
rs,
and
some
anal
ytic
al t
echn
ique
s va
ried
For details, consult the project reports (1, 2).
among the four jurisdictions.
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However, some discharges
 may
be
accurate
to
within
1
5%.
Thus,
each
parameter
must
be
considered
separately.
The
laboratory
precision
and
accuracy
statistics
can
be
consulted for greater detail (3).
Similarly,
the
accuracy
of
the
best
streamflow
measurement
is
about
t
10%,
while
others
may
be
only
i
25%
accurate.
In
the
case
of
those
streamflows
estimated
from
other
gages,
the
accuracy
may
be
less.
In
general,
the
accuracy
of
the
product
of
two
estimates
is
limited
by
the
least
accurate
factor of
the product.
Therefore,
for
a given
stream
and
parameter,
either
factor
can be
limiting.
The best expected accuracy of the computed loading rates is probably
about i 10%, while the poorest accuracy may be as low as t 50%.
ESTIMATION
OF
THE
AVERAGE
YEAR—ROUND
LOADING
The accuracy of the overall loading rate depends on how well the
samples characterize the whole.
This will vary for each tributary and
for each parameter. It is difficult to rigorously calculate. However,
by performing statistical analyses on deseasonalized data, it has been
estimated that the estimates are from i 10% to t 25% accurate with 30
samples over a two year period (4).
MOST SIGNIFICANT INPUT SOURCES
The single most significant tributary input to Lake Superior is
the St. Louis River which receives wastes from the Duluth—Superior area
at the western end of Lake Superior. This area is discussed in more
detail in Chapter 4.3.
The Mineral River along the western Michigan shore has a relatively
high loading of solids and chlorides. Dischargers to this stream include
the White Pine Copper Company and the City of White Pine, Michigan.
AlthOugh the total of all tributary inputs is quite significant
as shown in Chapter 3.1, most individual tributaries contribute relatively
small loadings to the lake. This is because Lake Superior is a headwaters
lake and its tributaries are small. In addition, there are few people,
and therefore few point source discharges, in the Lake Superior Basin.
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 TABLE 3.4-1
PERCENT OF LOADINGS TO LAKE SUPERIOR BY AIR POLLUTION SOURCE REGIONal
 
Percent of Total Atmospheric Loading
Air Pollution Source Regionb Sulphate Phosphorus Trace MetalsC
Saginaw 4.1 2.1 4.8
Detroit 3.3 3.6 5.5
Port Huron 1.1 0.4 0.5
Lower Michigan 0.8 0.8 1.7
Northern Michigan 2.4 6.1 8.8
St. Louis 7.2 5.2 7.2
Chicago 6.2 13.5 9.8
Central Illinois 5.1 3.7 4.4
Green Bay 2.6 4.5 3.5
Milwaukee 2.3 4.0 3.2
Wisconsin 1.4 5.2 2.4
Duluth 2.2 7.7 3.3
Minneapolis 2.1 2.4 2.5
Toledo 2.0 2.8 4.4
Cleveland 1.8 2.0 2.9
Cincinnati 6.5 7.6 10.4
Ohio 2.1 2.5 4.5
Pittsburgh 3.6 1.1 3.0
Pennsylvania 0.9 0.9 1.9
Rochester 0.1 0.2 0.3
Buffalo <0.1 0.2 0.2
S.W. New York 0.1 0.1' 0.2
Montreal
0.4
3.7
0.9
Toronto
1.2
1.7
0.5
Sarnia 1.1 0.1 0.1
Sudbury 13.0 0.2 0.1
Thunder Bay
2.6
4.3
2.3
Nanticoke
0.2
<0.1
<0.1
Noranda
2.5
0.5
0.3
Sault Ste. Marie
0.6
3.1
4.4
Northern Ontario
19 . 0
l. 6
4 . 9
Southern Ontario
<0.1
0.5
0.4
Manitoba
1.5
7.7
0.7
     
a. From Reference (2).
b. United States Environmental Protection Agency and Ontario Ministry of the
Environment air pollution source regions.
c. Cd, Cu, Fe, Ni, Pb
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 TABLE 3.4-2
ATVOSPHERIC LDADINGS T0 LAKE SUPERIOR
  
Loadings, In Tonnes Per Yeara
Parameter East West Total
Nitrogen (NO3 + NH3 as N) 38,000 18,000 56,000
Total Phosphorus 344 456 800
Total Dissolved Solidsb 68,000 52,000 120,000
Chloride 36,000 19,000 55,000
Reactive Silicate (as 3102) 15.000 11,000 26,000 1
Calcium 15,000 18,000 33,000
Sodium 5,000 10,000 15,000
Magnesium 3,800 1,800 5,600
Potassium 5,000 8,000 13,000
Iron 7,600 2,100 9,700
Lead
360
290
650
Copp
er
230
140
370
Nic
kel
67
53
120
Cad
miu
m
43
12
55
Particulate Solids 25,000 16.000 41,000
   
a-
Al
l
pa
ra
me
te
rs
we
re
de
te
rm
in
ed
fr
om
ac
tu
al
me
as
ur
em
en
ts
ex
ce
pt
fo
r
pa
rt
ic
ul
at
e
so
li
ds
va
lu
es
wh
ic
h
we
re
ca
lc
ul
at
ed
fr
om
ma
th
em
at
ic
al
mo
de
l
re
su
lt
s
(2
).
b.
Ca
lc
ul
at
ed
fr
om
co
nd
uc
ti
vi
ty
me
as
ur
em
en
ts
by
mu
lt
ip
ly
in
g
by
0.
65
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 Atm
osp
her
ic
sam
ple
s w
ere
col
lec
ted
by
thr
ee
sam
pli
ng
net
wor
ks
ope
rat
ed
by
l)
McM
ast
er
Uni
ver
sit
y,
2)
Can
ada
Cen
tre
for
Inl
and
Wat
ers
, a
nd
3)
Mic
hig
an
Depa
rtme
nt o
f Na
tura
l Re
sour
ces
(wit
h ch
emic
al a
naly
ses
by U
.S.
EPA)
.
Thes
e
dat
a w
ere
use
d w
ith
the
atm
osp
her
ic
tra
nsp
ort
-de
pos
iti
on
mod
els
pre
par
ed
by
Acres (2) and Moroz (3) to estimate atmospheric loadings.
The
loca
tion
s of
samp
ling
stat
ions
are
show
n in
Figu
re
3.4—
1.
Stat
ions
wer
e l
oca
ted
in
are
as
cho
sen
to
min
imi
ze
the
eff
ect
of
loc
al
con
tam
ina
tio
n
sou
rce
s.
Bul
k s
amp
les
of
pre
cip
ita
tio
n a
nd
dry
fal
lou
t w
ere
col
lec
ted
monthly from October 1973 to June 1975.
Math
emat
ical
mode
ls w
ere
cons
truc
ted
by A
cres
(2)
and
Moro
z (
3).
The
Acre
s mo
del
is a
"box
" mo
del
to p
redi
ct b
ulk
atmo
sphe
ric
load
ings
usin
g
act
ual
emi
ssi
ons
and
met
eor
olo
gic
al
dat
a a
s a
bas
is.
The
mod
el
dev
elo
ped
by
Moro
z co
nsid
ers
only
the
dry
depo
siti
on p
roce
sses
(par
ticu
late
and
gase
ous
inpu
ts)
and
is c
onst
ruct
ed b
ased
upon
a Ga
ussi
an p
lume
, c
oupl
ed w
ith
Pasq
uil—
Gifford diffusion curves. Both models use U.S. EPA and MOE source strength
data.
ACCURACY OF ESTIMATES
The quantitative loading estimates were obtained from a summary of the
exp
eri
men
tal
mea
sur
eme
nts
wit
h t
he
exc
ept
ion
of
par
tic
ula
te
dat
a w
hic
h w
ere
deri
ved
from
mode
l ca
lcul
atio
ns
only
.
Meas
ured
data
are
subj
ect
to p
ossi
ble
vari
abil
ity
beca
use
of t
he n
atur
e of
the
samp
lers
and
rela
ted
meth
odol
ogy,
pot
ent
ial
con
tam
ina
tio
n,
sea
son
al
dif
fer
enc
es,
and
the
com
ple
tio
n o
f c
hem
ica
l
anal
yses
by f
our
labo
rato
ries
.
Seve
ral
mode
s of
comp
aris
on w
ere
util
ized
—-
comp
aris
on o
f mo
dell
ed v
ersu
s me
asur
ed
resu
lts,
comp
aris
on o
f wi
nter
vers
us
summ
er
resu
lts,
inte
rlab
orat
ory
anal
ytic
al c
ompa
riso
ns,
and
inte
rcom
pari
son
of sample collector types.
Comparisons of modelled versus measured results provide excellent
agreement where accurate, adequate emission data are available for model
inpu
t.
Sulp
hate
and
nitr
ate
depo
siti
on w
ere
the
most
accu
rate
of p
redi
cted
values. Model results for other parameters, including chlorides and total
phosphorus, were poorly predicted, likely due to lack of source emissions
strength information.
Higher deposition of all parameters occurs during warm weather periods.
This appears to be due to a combination of factors including the greater
scavenging efficiency of rain compared to snow, reduced winter biological
activity, and increased re—entrainment of local dust during summer.
The phosphorus loadings shown in Table 3.4-2 are a modification of the
measured data summarized by Acres (2). Because summer bulk sampler measure—
ments were subjected to local source errors, the data were not considered
representative of over—lake deposition. Studies by Delumyea (5) conducted in
southern Lake Huron indicate that lake surface deposition in summer amounts
to about 40% of the value measured withbulk samplers. Loading estimates for
phosphorus were, therefore, derived from direct bulk measurement data
recorded during the winter and from 40% of the bulk measurement values
recorded during summer.
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ESTIMATE 0F FUTURE TRENDS
Th
e
di
ve
rs
it
y
of
pr
es
en
t
so
ur
ce
s
an
d
th
e
ch
an
gi
ng
na
tu
re
of
in
du
st
ri
al
pr
oc
es
se
s
ma
ke
th
e
pr
ed
ic
ti
on
of
fu
tu
re
lo
ad
in
gs
un
ce
rt
ai
n.
Pr
es
en
t
fi
nd
in
gs
in
di
ca
te
si
gn
if
ic
an
t
lo
ad
in
gs
of
ma
ny
pa
ra
me
te
rs
du
e
to
lo
ng
ra
ng
e
tr
an
sp
or
t.
Co
nt
in
ue
d
in
du
st
ri
al
gr
ow
th
wi
ll
un
do
ub
te
dl
y
res
ult
in
con
tin
ued
inc
rea
se
of
loa
din
gs
unl
ess
fur
the
r c
ont
rol
mea
sur
es
are implemented.
The
fac
t
tha
t
bul
k
pre
cip
ita
tio
n
ent
ers
the
eup
hot
ic
zon
e
dir
ect
ly
and
is
imm
edi
ate
ly
ava
ila
ble
to
the
bio
ta
mak
es
it
an
imp
ort
ant
sou
rce
of
pol
lut
ant
s.
.Wi
tho
ut
fur
the
r
con
tro
l o
f m
ajo
r s
our
ces
of
air
emi
ssi
ons
,
the
con
tin
ued
imp
act
on
Lak
e S
upe
rio
r w
ill
be
det
rim
ent
al.
The
atm
osp
her
ic
inp
uts
of
nit
rog
en
and
pho
sph
oru
s a
ppe
ar
to
con
sti
tut
e a
bou
t
20-
60%
of
tot
al
inp
ut
to
the
lak
e o
f t
hes
e t
wo
nut
rie
nts
.
Thi
s
inp
ut
rat
e
may
red
uce
the
eff
ect
ive
nes
s
of
con
tro
l o
f o
the
r i
npu
t s
our
ces
suc
h
I
as
tri
but
ari
es
and
was
tew
ate
r
dis
cha
rge
s.
Lak
e S
upe
rio
r w
ith
its
sof
t
j
wat
er
and
low
buf
fer
ing
cap
aci
ty
is
mor
e s
usc
ept
ibl
e
to
imp
act
fro
m
%
these inputs than the other Great Lakes.
THE LIMITATIONS OF THE DATA
These preliminary estimates indicate the magnitude of atmospheric
inpu
ts r
elat
ive
to o
ther
sour
ces
(see
Chap
ter
3.1)
.
They
are
base
d
on short period studies with need for confirmation of initial results,
verification of sampling techniques, and greater coordination of chemical
analyses. More experimental information will also strengthen mathematical
modeling efforts through verification of the amount and extent of regional
tranSport.
The effects of atmospheric inputs on water bodies and their biological
communities have only been partially studied. However, biological
disruptions have been observed in soft water lakes due to the effects
of pH changes caused by atmospheric inputs and due to toxic organics
which entered from the atmosphere.
Primary measurement to date has been for assessment of input of
nutrients, major ions, and metals. Sampling and analytical methodology
should be revised to also measure organic contaminants such as pesticides
and PCB's. Dry fallout quantification , deposition velocities, re-entrainment
effects, and related chemical and biological impact require additional
measurement and modeling efforts.
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Sediment inputs from shore erosion affect water quality in two
primary ways.
First, minerals and nutrients may dissolve from the
eroded sediment. Second, nearshore turbidity may cause biological and
aesthetic problems.
Erosion from sand and gravel beaches and bank areas
is of little concern, but finer grained materials such as clays can
cause problems.
ESTIMATES OF MATERIALS INPUTS
I
The U.S. shore of Lake Superior is subject to local erosion problems
; for approximately 20% of the shoreline (l, 2). Erosion along the Minnesota
? shoreline is limited to scattered sand and gravel beaches and bank
areas. The Wisconsin shore is subject to extensive erosion of red clay.
Erosion of red clay bluffs, which is caused by wave action, frost and
ice action, surface runoff, and groundwater seepage, has contributed
substantial sediment load to the near shore of Lake Superior. Erosion
of the Michigan shore is primarily along sand beaches (1).
Erosion is not considered to be a significant problem along the
Canadian shoreline of Lake Superior. The report of the Great Lakes
Levels Board (2) noted that the only location showing direct erosion
from wave action occurred in the area of the Montreal River, where
gravel banks are being gradually eroded.
Thus, the main concern is the red clay erosion in Wisconsin. Much
effort has gone into understanding the effects of red clay erosion on
water quality. Red clay effects on water chemistry result from the
red clay composition and how it is affected by the chemical processes
of dissolution, exchange, and adsorption within the lake. The remainder
of this section deals with red clay. Estimates of shore erosion from
other areas may be available upon completion of studies being conducted
by the IJC Pollution from Land Use Activities Reference Group.
MATERIAL BALANCE PARAMETERS
Table 3.5-1 summarizes estimated releases and inputs to Lake Superior
from shoreline erosion for dissolved solids, total phosphorus, total
nitrogen, chloride,and reactive silicate (7).
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TABlE 3.51
LAKE SUPERIOR INPUTS FROM SHORE EROSION
FOR MATERIAL BALANCE PARAMETERS
  
Chemical Release from Clays
Parameter (mg/g of Sample)
Shore Erosion Inputs
(t/a)
T ixssclved
Solids
24,:
3
0.036 : 0.020
<0.2
  
192,000 1 40,000
280 + 160
<1,6OO
< 800
14,400 i 3,200
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P
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p
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c
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r
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r
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l
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h
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b
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p
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b
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e
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d
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r
m
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e
t
h
e
e
s
t
i
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o
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a
t
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i
a
l
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o
d
e
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p
e
r
s
t
o
r
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T
h
e
a
v
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a
g
e
n
u
m
b
e
r
o
f
s
t
o
r
m
s
(
f
i
v
e
l
a
r
g
e
s
t
o
r
m
s
a
n
d
s
i
x
t
o
t
e
n
m
e
d
i
u
m
s
t
o
r
m
s
p
e
r
y
e
a
r
)
wa
s
t
h
e
n
u
s
e
d
to
c
a
l
c
u
g
a
t
e
the
a
n
n
ua
l
inputs.
T
h
i
s
m
e
t
h
o
d
y
'
e
l
d
e
d
a
n
u
p
p
e
r
v
a
l
u
e
of
2
x
10
t/a,
a
n
d
an
a
v
e
r
a
g
e
v
a
l
u
e
of
1.5
x
10
t/a,
f
o
r
D
o
u
g
l
a
s
C
o
un
t
y.
The
second
method
involved
considering
the
average
turbidity
due
to
suspended
fines
and
dispersion
rates
for
plumes.
Satellite
observations
which
pertain
to
random
monitoring
of
the
last
part
of
turbidity
events
were
combined
with
estimated
removal
rates
for
suspended
fines.
Compensation
for
re—suspension
of
sediment
ielded
an
average
shoreline
erosion
rate
for
Douglas
County
of
1.4
x
10
t/a.
Determinations
of
chemical
release
rates
into
Lake
Superior
waters
from
red
clay
soil
involved
two,
seven-week
leaching
experiments
using
Lake
Superior
water.
Details
are
explained
in
reference
(7).
E
V
A
L
U
A
T
I
O
N
O
F
T
H
E
A
C
C
U
R
A
C
Y
O
F
T
H
E
E
S
T
I
M
A
T
E
S
It
is
significant
that
three
different
methods
developed
in
two
independent
studies
have
yielded
fairly
close
results
in
estimating
annual
sediment
inputs
to
Lake
Superior
from
the
red
clay
shoreline.
However,
the
estimates
are
based
on
recent
data
and
therefore
may
not
represent
long-term
mean
values.
Hess'
work
(although
based
upon
questionable
records)
indicates
that
over
the
114-year
period
from
1852
to
1966,
471
of
the
total
erosion
occurred
during
the
28
years
from
1938
to
1966.
Such
a
change
could
result
from
causes
such
as
interference
of
man
or
c
l
i
m
a
t
i
c
c
h
a
n
g
e
s
.
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 TABLE 3.5-2
LA
KE
SU
PE
RI
OR
IN
PU
TS
FR
OM
SH
OR
EL
IN
E
ER
OS
IO
N
FOR MISCELLANEOUS PARNVETERS
Chemical Release from Clays
Shore Erosion Inputs
    
Par
ame
ter
(mg
/g
of
Sam
ple
)
(t/
a)
Alk
ali
nit
y
(Ca
CO3
)
23.
:
2
184
,00
0 i
40,
000
Re
ac
ti
ve
Ph
os
ph
at
e
(a
s
P0
4)
0.
03
0
i
0.
01
0
24
0
i
80
Nit
rat
e
(as
N03
)
0.0
5 i
0.0
5
400
i 4
00
Sod
ium
0.2
5 i
0.2
0
2,0
00
i 1
,60
0
Pot
ass
ium
0.4
2 i
0.1
5
3,4
00
: 1
,20
0
Cal
ciu
m
6li
3
48,
000
i 2
4,0
00
Magn
esiu
m
0.9
:_0.
4
7,20
0 :
3,20
0
94
_T
T
The accuracy of the estimates of chemical inputs are, of course,
dependent on both the sediment input estimates and estimates of chemical
release. The accuracy of the chemical release estimates has not been
determined.
ESTIMATE 0F FUTURE TRENDS
Due to the uncertainties associated with the change in erosion
rat
es
ove
r t
he
stu
dy
per
iod
con
sid
ere
d b
y H
ess
(4)
, n
o e
sti
mat
e o
f f
utu
re
tre
nds
is
pos
sib
le.
If
cur
ren
t c
lim
ati
c c
ond
iti
ons
are
rep
res
ent
ati
ve
of
a l
ong
—te
rm
nor
m,
and
if
the
ext
ent
of
hum
an
imp
act
doe
s n
ot
cha
nge
,
sed
ime
nt
inp
ut
sho
uld
als
o r
ema
in
abo
ut
the
sam
e.
How
eve
r,
the
stu
die
s
per
for
med
by
Syd
or
(3)
dem
ons
tra
te
tha
t t
he
amo
unt
of
red
cla
y e
rod
ed
and
res
usp
end
ed
dur
ing
sto
rms
far
exc
eed
s
tha
t
ero
ded
due
to
cha
nge
s
in
lake levels.
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I
H
I
M
M
I
N
P
I
I
I
S
The
l
a
r
g
e
s
t
single
industrial
use
of
Great
Lakes
water
is
for
cooling
steam
condensers
in
electric
power
plants.
Table
3.6-1
lists
operational
data
for
existing
and
committed
thermal
power
plants
which
discharge
cooling
water
to
Lake
Superior.
All
of
these
plants
are
powered
by
fossil
fuel.
Due
to
the
availability
of
hydroelectric
generation
in
northern
Ontario,
there
is
only
one
steam
generating
plant
in
Ontario
now
discharging
to
Lake
Superior.
This
is
the
Thunder
Bay
Generating
Station
on
Mission
Island.
There
are
ten
steam
electric
plants
located
on
the
U.S.
shoreline
discharging
to
Lake
Superior.
The
largest
units
(Presque
Isle
Units
5-9,
Reserve
Mining,
and
Taconite
Harbor)
furnish
power
for
the
iron
mining
industry.
AMOUNT OF HEAT DISCHARGED
As
shown
in
Table
3.6—1,
the
average
total
heat
discharge
to
Lake
Superior
has
been
about
750
MW
between
1971
and
1975.
These
electrical
generating
plants
have
to
cease
operation
periodically
for
routine
maintenance
or
emergency
repairs.
Therefore,
they
cannot
discharge
100%
of
their
total
potential
for
heat
discharge.
Realistically,
a
well
operatedplant
shOuld
operate
about
70%
of
the
time.
Thus,
the
true
maximum
potential
for
the present
power plants
is
slightly
over
1000
MW.
After
the
new plants
start
operating,
the
potential
heat
discharge
will
be
about
1800
MW.
Although local problems often result from hot water discharges,
the effect on the whole lake is small.
FUTURE INPUTS
The Royal Commission on Electric Power Planning is presently studying
power requirements in Ontario to 1993 and beyond.
Their conclusions
and recommendations could significantly influence the amount of future
electrical production.
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)
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)
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6-1
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)
3)
1980)
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rne
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orf
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ne
r-
Wa
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f
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rati
onal
1979)
 
Thund
er Ba
y
Thund
er Ba
y
Sil
ver
Bay
Tac
oni
te
Har
bor
Two
Har
bor
s
Dul
uth
As
hl
an
d
Su
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ri
or
Marq
uett
e
Ma
rq
ue
tt
e
Ma
rq
ue
tt
e
Ma
rq
ue
tt
e
L'
An
se
On
to
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go
n
On
to
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n
  
10
0
30
0
12
8
225
125
82
25
33
9
241
3
4
4
3
16
20
 
14
2
470
189
25
2
261
3
9
2
6
54
8
431
31
77
4
0
 
26.6a
6
2
.
0
20
.8
3
3
.
1
3
8
.
0
41
.4
71
48
70
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1
5
1
6
3
8
8
15
28
 
a
.
b.
Inf
orm
ati
on
not
ava
ila
ble
For
197
1
-
197
A
W IINIIIIABIWITIY INPIITS
PRESENT INPUTS
Radioactivity inputs to Lake Superior arise from two different
sources: fallout from nuclear weapons testing and weathering of naturally
radioactive minerals. The amount of radioactivity, primarily strontium
90, from weapons testing, is dependent on the number of atmospheric
tests conducted.
There are no existing nuclear plants or any facilities under construction
on Lake Superior. Therefore, no estimates of radioactive inputs are
presented here.
FUTURE INPUTS
A number of potential power plant sites on the Ontario shore of
Lake Superior were investigated in 1973 and 1974 for the location of
a nuclear-fueled plant of 2,000 MW of electric generating capacity.
The nuclear plant is not considered likely until after 2000, and no
detailed site selection has been undertaken. In Michigan's Upper Peninsula
there are plans for expansion of both the iron and copper mining industry
which may require 200 MW of electric generating capacity. A plant to
supply this power could be nuclear, but this is highly speculative.
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The quality of dredged material is quite variable, depending on the
source. It may contain high concentrations of heavy metals, nutrients,
and organic materials. Therefore, disposal is of concern.
Dredging is conducted irregularly on Lake Superior to maintain
existing navigation channels, build new harbour facilities, or construct
municipal and industrial intakes and outfalls. Data on the quality and
quantity of capital dredging material (from areas dredged for the
first time) are not adequate to estimate loadings. The estimates are
based on maintenance dredging only.
Sedimentation in channels is caused by three basic mechanisms:
silt carried downstream and deposited in the channel when the stream
slows, littoral sand drift across the harbour mouth, and materials
carried into the channel by storms. Maintenance dredging takes place
at the ports listed in Table 3.8—1 and shown on Figure 3.8-1.
Maintenance dredging is concentrated at three locations: Duluth—
Superior Harbor; Ashland, Wisconsin: and Thunder Bay, Ontario. Duluth-
Superior Harbor and Ashland produce 97% of the polluted dredged material
from U.S. harbours. Wisconsin and Minnesota have both opposed the
disposal of polluted dredged material in Lake Superior. Efforts are
being made to require on—land disposal facilities for both of these
harbours.
Thu
nde
r B
ay
pro
duc
es
73%
of
all
Can
adi
an
mai
nte
nan
ce
dre
dgi
ng
on
Lake Superior. During the past three years, dredging in the bay, which
is considered to be polluted by organic materials and mercury, has been
mini
mize
d,
and
ther
e ha
s be
en n
o op
en l
ake
disp
osal
of d
redg
ed m
ater
ial.
A diked disposal area for future dredging is under design.
ESTIMATES OF LOADINGS
Th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
(E
PA
)
su
rv
ey
ed
al
l
si
gn
if
i-
cant
U.S
. h
arb
our
s o
n L
ake
Sup
eri
or
to
det
erm
ine
the
che
mic
al
qua
lit
y o
f
mai
nte
nan
ce
dre
dgi
ngs
.
The
con
cen
tra
tiO
ns
use
d i
n t
his
loa
din
g e
sti
mat
e
are
com
pil
ed
fro
m i
ndi
vid
ual
rep
ort
s o
n e
ach
har
bou
r (
3).
The
vol
ume
s
dr
ed
ge
d
in
U.
S.
ha
rb
ou
rs
ar
e
ba
se
d
on
th
e
av
er
ag
e
fo
r
ea
ch
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rb
ou
r
ov
er
E
s
t
i
m
a
t
e
d
q
u
a
n
t
i
t
i
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s
o
f
C
a
n
a
d
i
a
n
m
a
i
n
t
e
n
a
n
c
e
a ten ear eriod (l).
y
p
f
t
h
e
I
J
C
D
r
e
d
g
i
n
g
W
o
r
k
i
n
g
G
r
o
u
p
(2
).
d
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g
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o
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e
r
e
p
o
r
t
0
101
 
 MA
IN
TE
NA
NC
E
DR
ED
GI
NG
IN
LA
KE
SU
PE
RI
OR
(
1
2
)
TABLE 3.8—1
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LU
ME
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EN
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LL
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ED
VO
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ME
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RS
(m
3
/a
)
PO
LL
UT
ED
(m
3/
a)
UNITED STATES
As
hl
an
d,
W
i
s
c
o
n
s
i
n
4
6
,
0
0
0
10
0
4
6
,
0
0
0
Ba
yf
ie
ld
,
Wi
sc
on
si
n
0
10
0
Bi
g
Ba
y,
Mi
ch
ig
an
3,
50
0
10
35
0
B
l
a
c
k
Ri
ve
r,
M
i
c
h
i
g
a
n
2,
00
0
0
0
Co
rn
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,
Wi
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n
1,
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0
10
0
1,
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0
Du
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-S
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Mi
nn
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ot
a—
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7,
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0
33
20
3,
00
0
Wisconsin
Ea
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e
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or
,
Mi
ch
ig
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0
O
0
Gr
an
d
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ra
is
,
Mi
ch
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an
0
0
0
Gr
an
d
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ra
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,
Mi
nn
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ot
a
50
0
O
0
Gr
an
d
Tr
av
er
se
,
Mi
ch
ig
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4,
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0
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40
0
Ke
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Wa
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,
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ch
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23
,0
00
0
0
Kn
if
e
Ri
ve
r,
Mi
nn
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ot
a
20
0
10
0
20
0
La
c
La
Be
ll
e,
Mi
ch
ig
an
2,
00
0
0
0
La
Po
in
te
,
Wi
sc
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n
0
0
0
Li
tt
le
La
ke
,
Mi
ch
ig
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25
,0
00
0
O
Ma
rq
ue
tt
e,
Mi
ch
ig
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26
,0
00
0
0
On
to
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n,
Mi
ch
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,0
00
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3,
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0
Po
rt
Wi
ng
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n
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0
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0
Pr
es
qu
e
Is
le
,
Wi
sc
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si
n
9,
00
0
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2,
70
0
Sa
xo
n,
Wi
sc
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n
5,
00
0
0
0
Tw
o
Ha
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ot
a
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0
O
0
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it
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h
Po
in
t,
Mi
ch
ig
an
1,
20
0
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0
To
ta
l
79
4,
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0
25
8,
00
0
CANADA
Mi
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ip
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ot
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0
—
-
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e
To
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,8
00
-
-
Th
un
de
r
Ba
y
14
1,
00
0
—
-
Wh
it
ef
is
h
Ba
y
6,
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0
-
-
Total 193,200
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Tot
al
pho
sph
oru
s i
n n
onp
oll
ute
d s
edi
men
ts
fro
m D
ulu
th—
Sup
eri
or
and
Ash
lan
d
Har
bor
s
ave
rag
ed
378
mg/
kg
and
tot
al
Kje
lda
hl
nit
rog
en
ave
rag
ed
465
mg
/k
g
(3)
.
Th
e
to
ta
l
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te
d
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U.S
.
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00
0
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/a
.
It
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as
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d
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s
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e
lak
e.
Al
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th
e
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at
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n
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t
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bl
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r
Ca
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e
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g
lo
ad
in
g
ca
lc
ul
at
io
ns
ha
ve
be
en
ma
de
for
U.S
.
dr
ed
gi
ng
.
Th
e
sp
ec
if
ic
gr
av
it
y
of
cl
ea
n
sa
nd
s
is
ap
pr
ox
im
at
el
y
1.
7
(3
).
Th
us
,
1
m3
of
se
di
me
nt
eq
ua
ls
17
00
kg
,
an
d:
To
ta
l
ph
os
ph
or
us
:
Lo
ad
in
g
=
53
6
x
17
00
x
37
8
x
10
‘5
=
34
4
t/
a
To
ta
l
Kj
el
da
hl
ni
tr
og
en
:
Lo
ad
in
g
=
53
6
x
17
00
x
46
5
x
10
'6
=
42
3
t/
a
An
in
di
re
ct
lo
ad
in
g
du
e
to
th
e
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
is
th
e
po
ss
ib
le
le
ac
hi
ng
of
co
nt
am
in
an
ts
fr
om
di
ke
d
di
sp
os
al
ar
ea
s
us
ed
to
co
nt
ai
n
po
ll
ut
ed
se
di
me
nt
s.
U.
S.
EP
A
an
d
th
e
U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s
ha
ve
in
st
it
ut
ed
mo
ni
to
ri
ng
pr
og
ra
ms
at
se
ve
ra
l
di
ke
d
di
sp
os
al
ar
ea
s
to
de
te
rm
in
e
th
e
ex
te
nt
of
th
is
lo
ad
in
g.
A
C
C
U
R
A
C
Y
O
F
E
S
T
I
M
A
T
E
S
T
h
e
a
m
o
un
t
a
c
t
ua
l
l
y
dr
ed
ge
d
fr
om
a
ha
rb
ou
r
in
an
y
on
e
ye
ar
is
va
r
i
a
b
l
e
an
d
d
e
p
e
n
d
s
up
o
n
a
n
um
b
e
r
of
fa
ct
or
s:
m
e
t
e
o
r
o
l
o
g
i
c
a
l
co
nd
it
io
ns
,
m
e
a
n
w
a
t
e
r
le
ve
ls
,
e
c
o
n
o
m
i
c
s
of
th
e
sh
ip
pi
ng
in
du
st
ry
,
an
d
ch
an
ge
s
in
ch
an
ne
l
d
e
p
t
h
s
.
T
h
e
e
s
t
i
m
a
t
e
s
of
q
u
a
n
t
i
t
i
e
s
to
b
e
d
r
e
d
g
e
d
m
u
s
t
b
e
c
o
n
s
i
d
e
r
e
d
to
b
e
a
p
p
r
o
x
i
m
a
t
e
,
i
1
0
0
%
a
t
b
e
s
t
.
T
h
e
m
e
d
i
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
r
e
m
o
r
e
p
r
e
c
i
s
e
(i
1
0
%
)
.
H
o
w
e
v
e
r
,
a
n
u
n
k
n
o
w
n
f
r
a
c
t
i
o
n
of
t
h
e
m
a
t
e
r
i
a
l
w
i
l
l
b
e
v
i
r
t
u
a
l
l
y
u
n
a
v
a
i
l
a
b
l
e
t
o
t
h
e
e
c
o
s
y
s
t
e
m
of
t
h
e
l
a
k
e
d
u
e
t
o
s
e
d
i
m
e
n
t
a
t
i
o
n
a
n
d
i
n
c
o
r
p
o
r
a
—
t
i
o
n
in
to
th
e
s
e
d
i
m
e
n
t
s
(s
ee
Ch
ap
te
r
6.
9)
.
\FUTURE TRENDS
M
a
i
n
t
e
n
a
n
c
e
d
r
e
d
g
i
n
g
i
s
e
x
p
e
c
t
e
d
t
o
c
o
n
t
i
n
u
e
a
t
i
t
s
p
r
e
s
e
n
t
l
e
v
e
l
o
f
a
c
t
i
v
i
t
y
.
I
n
g
e
n
e
r
a
l
,
t
h
e
q
u
a
l
i
t
y
o
f
U
.
S
.
h
a
r
b
o
u
r
s
e
d
i
m
e
n
t
s
h
a
s
i
m
p
r
o
v
e
d
s
u
b
s
t
a
n
t
i
a
l
l
y
s
i
n
c
e
1
9
6
7
-
1
9
7
0
,
p
a
r
t
i
c
u
l
a
r
l
y
i
n
s
m
a
l
l
e
r
h
a
r
b
o
u
r
s
w
h
e
r
e
t
h
e
m
a
j
o
r
s
o
u
r
c
e
s
o
f
p
o
l
l
u
t
i
o
n
a
r
e
s
m
a
l
l
b
o
a
t
s
o
r
s
h
i
p
s
.
P
u
b
l
i
c
a
w
a
r
e
n
e
s
s
a
n
d
d
i
s
c
h
a
r
g
e
r
e
g
u
l
a
t
i
o
n
s
h
a
v
e
r
e
s
u
l
t
e
d
i
n
s
i
g
n
i
f
i
c
a
n
t
i
m
p
r
o
v
e
m
e
n
t
.
T
h
e
r
e
d
u
c
—
t
i
o
n
o
f
c
o
m
b
i
n
e
d
s
e
w
e
r
d
i
s
c
h
a
r
g
e
s
a
n
d
i
m
p
r
o
v
e
d
i
n
d
u
s
t
r
i
a
l
a
n
d
m
u
n
i
c
i
p
a
l
t
r
e
a
t
m
e
n
t
f
a
c
i
l
i
t
i
e
s
h
a
v
e
a
l
s
o
i
m
p
r
o
v
e
d
s
e
d
i
m
e
n
t
q
u
a
l
i
t
y
a
n
d
w
i
l
l
c
o
n
t
i
n
u
e
to do so.
C
a
p
i
t
a
l
d
r
e
d
g
i
n
g
i
n
t
h
e
f
u
t
u
r
e
i
s
e
x
p
e
c
t
e
d
t
o
b
e
m
i
n
i
m
a
l
s
i
n
c
e
t
h
e
b
a
s
i
c
s
e
a
w
a
y
d
e
p
t
h
o
f
8
.
2
m
h
a
s
b
e
e
n
e
s
t
a
b
l
i
s
h
e
d
.
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FIGURE 3.8-1 DREDGING SITES 0N LAKE SUPERIOR
VI
S
S
H
W
A
S
H
I
I
I
S
ﬂ
ﬂ
M
I
E
E
S
T
Y
P
E
S
O
F
D
I
S
C
H
A
R
G
E
S
V
e
s
s
e
l
s
can
be
b
r
o
a
d
l
y
classed
as
commercial
or
recreational.
Each
class
contributes
to
the
pollutant
load
entering
Lake
Superior.
Vessels
may
be
large
or
small,
more
or
less
transient,
and
may
perform
a
variety
of
duties.
Several
types
of
waste
may
be
generated,
and
the
generation
rate
of
one
type
is
independent
of
any
other.
Types
of
wastes
can
be
classified
into
three
groups:
personal,
operational,
and
functional.
Personal
waste
consists
primarily
of
sewage
("black
water"),
galley
and
washwater
("gray
water"),
and
solid
waste
such
as
plastic
and
food
containers.
The
quantity
depends
on
housekeeping
practices
and
treatment
or
disposal
systems
available.
Nutrients
and
pathogenic
organisms
originate
from
this
type of wastewater.
Operational
waste
consists
of
oily
bilge
waters,
dunnage,
and
heat
due
to
cooling
water
discharges.
It
is
generally
associated
with
the
vessel's
mode
of
propulsion.
Minimal
waste
discharges
are
unavoidable.
However,
bad
shipkeeping
practices
can
increase
quantities
considerably.
Foreign
vessels
entering
Lake
Superior
discharge
seawater
ballast
before
loading
cargo.
Chlorides
and
dissolved
solids
result
from
this
waste.
Functional waste
consists
of
cargo
residues which
fall
into
the water
during
loading
and
unloading
activities.
Recreational vessels are not permitted to discharge sewage into Lake
Superior as specified by Michigan, Minnesota,
and Ontario statute.
Some
operational wastes result but are minimal.
Estimating the quantity of these
three waste
types
is
difficult,
due
to
the
changing
patterns
of ship
move—
ment.
However,
it is possible to generalize.
Personal wastes are generated
at a steady rate while the ship is on the lake, whether in transit or in
port. Operational wastes are generated at the maximum rate while in transit
and minimally while in port.
Functional wastes are generated only when in or
near a port.
L
O
A
D
I
N
G
E
S
T
I
M
A
T
E
S
Loading estimates for the five material balance parameters are given in g
Table 3.9—1, based on estimates in Table 3.9—2. These estimates are from ‘
black and gray water and salt water ballast. It is impossible to estimate
loadings for the material balance parameters for personal solid waste, opera— EL
tional waste, or functional waste. However, most material balance inputs E
originate from the black and gray water or salt water ballast. E
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TABLE 3.9—1
ES
TI
MA
TE
D
AN
NU
AL
IN
PU
TS
FR
OM
VE
SS
EL
S
To
LA
KE
SU
PE
RI
OR
LOADING, IN TONNES PER YEAR
  
CANADA U.S.
Bl
ac
k
an
d
Bl
ac
k
an
d
PAR
AME
TER
Gra
y W
ate
r
Bal
las
t
Gra
y W
ate
r
Bal
las
t
Tot
al
Ch
lo
ri
de
8.
2
2,
78
0
20
.6
8,
50
0
11
,3
00
To
ta
l
Ph
os
ph
or
us
0.
5
--
1.
27
——
1.7
7j
To
ta
l
Ni
tr
og
en
1.
6
-—
4.
1
-—
5.7
Tot
al
Dis
sol
ved
56.
9
5,1
20
142
15,
700
21,
000
Solids
Re
ac
ti
ve
Si
li
ca
te
1.
6
—-
3.
89
——
5-
“
(as SiOZ)
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 TABLE 3.9—2
ANNUAL INPUTS 0F WASTE CATEGORIES To LAKE SUPERIOR
 
WASTE CATEGORY CANADA U.S. TOTAL
PERSONAL
Black and Gray Water 52,700 kl 131,600 k2 184,300 k1
Solid Waste 168 t 463 t 631 t
OPERATIONAL
Bilges (steamships) 43,200 t 139,900 t 183,000 t
Bilges (motorships) 4,500 t 8,600 t 13,100 t
FUNCTIONAL
Cargo
Spill
age
14,90
0 t
86,80
0 t
101,7
00 t
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 Other
significant
parameters
discharged
are
oil,
pathogens,
and
flotsam.
It
is
estimated
that
3.9
t of
oil
is
discharged
to
the
lake
annually.
Cargo
spillage
represents
102,000
t
discharged
to
the
lake
annually.
Although
not
a
serious
problem
for
the
main
lake,
much
of
this
material
becomes
flotsam
and
causes
a
nuisance
in
port
areas.
Pathogens
can
be
a
serious
problem,
especially in port areas.
BASIS OF ESTIMATION
Assumptions
and
information
used
to
estimate
loadings
from
vessels
to
Lake
Superior
were
obtained
from
References
(l)
and
(2).
In
addition,
discussions
with
representatives
from
the
United
States
Coast
Guard,
Canadian
Ministry
of
Transport,
and
staff
of
the
Water
Quality
Division,
Michigan
Department
of
Natural
Resources
provided
additional
information
used
as
a
basis of calculation (3).
It
was
considered
that
all
vessels
entering
Lake
Superior
ports
would
remain
in
Lake
Superior
three
days
(two
days
in
transit
and
one
day
in
port).
The
calculations
were
made
as
follows:
Black & Gray Waters
Volume discharged =
Vessel
days
x
men
per
vessel
x
litres
of
waste
per
man
per
day
Solid Waste
Amount discharged =
Vessel
days
x
men
per
vessel
x
kilograms
per
man
per
day
Bilge
Waste
(For
steamships
and
motor
vessels)
Amount of waste =
Vessel
days
x
percentage
of
steamships
x
tons
of
waste
discharged
Cargo Spillage
Amount of spilled cargo =
Tons
of
bulk
cargo
loaded
or
off
loaded
x
percentage
of
bulk
cargo spilled
Chlorides,
Total
Phosphorus,
Total
Nitrogen,L
Total
Dissolved
Solids,
and
Reactive Silicate
Amount discharged =
V
e
s
s
e
l
days
x
m
e
n
per
v
e
s
s
e
l
365
x
quantity
discharged
per
person
per
year
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 E
V
A
L
U
A
T
I
O
N
O
F
A
C
C
U
R
A
C
Y
O
F
E
S
T
I
M
A
T
E
S
I
n
f
o
r
m
a
t
i
o
n
r
e
g
a
r
d
i
n
g
t
h
e
n
u
m
b
e
r
o
f
v
e
s
s
e
l
s
w
a
s
t
a
k
e
n
f
r
o
m
1
9
7
4
a
c
t
u
a
l
f
i
g
u
r
e
s
a
n
d
i
s
a
c
c
u
r
a
t
e
w
i
t
h
i
n
i
1
0
%
f
o
r
1
9
7
5
.
T
h
e
n
u
m
b
e
r
o
f
p
e
r
s
o
n
s
p
e
r
v
e
s
s
e
l
i
s
a
U
.
S
.
C
o
a
s
t
G
u
a
r
d
a
n
d
M
i
n
i
s
t
r
y
o
f
T
r
a
n
s
p
o
r
t
e
s
t
i
m
a
t
e
,
b
a
s
e
d
o
n
a
c
t
u
a
l
c
o
u
n
t
s
f
r
O
m
s
e
v
e
r
a
l
v
e
s
s
e
l
s
,
a
n
d
h
a
s
a
n
a
c
c
u
r
a
c
y
o
f
i
1
0
%
.
V
a
l
u
e
s
u
s
e
d
f
o
r
s
o
l
i
d
w
a
s
t
e
,
b
l
a
c
k
a
n
d
g
r
a
y
w
a
t
e
r
,
b
i
l
g
e
w
a
t
e
r
,
a
n
d
c
a
r
g
o
s
p
i
l
l
a
g
e
a
r
e
d
e
p
e
n
d
a
b
l
e
t
o
a
i
5
0
%
r
a
n
g
e
.
V
a
l
u
e
s
f
o
r
t
h
e
f
o
l
l
o
w
i
n
g
f
i
v
e
p
a
r
a
m
e
t
e
r
s
a
r
e
b
a
s
e
d
o
n
v
a
l
u
e
s
f
o
r
s
e
w
a
g
e
f
r
o
m
M
i
c
h
i
g
a
n
c
i
t
i
e
s
a
n
d
a
r
e
c
o
n
s
i
d
e
r
e
d
t
o
b
e
a
c
c
e
p
t
a
b
l
e
v
a
l
u
e
s
f
o
r
s
e
w
a
g
e
f
r
o
m
ve
s
s
e
l
s
.
T
h
e
r
a
n
g
e
s
of
v
a
r
i
a
t
i
o
n
f
o
r
e
a
c
h
o
f
t
h
e
f
i
v
e
p
a
r
a
m
e
t
e
r
s
a
r
e
i
5
0
%
f
o
r
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
,
t
o
t
a
l
n
i
t
r
o
g
e
n
,
a
n
d
c
h
l
o
r
i
d
e
;
i
25%
for
r
e
a
c
t
i
ve
silicate;
and
i
10%
for
total
d
i
s
s
o
l
ve
d
solids.
FUTURE INPUTS
F
u
t
u
r
e
t
r
e
n
d
s
wi
l
l
be
influenced
by
national
and
regional
legislation.
It
is
expected
that
there
will
be
a
95%
reduction
in
personal
waste
dis—
charged
or
dumped
over
the
next
three
to
five
years
with
the
enforcement
of
currently
proposed
or
enacted
laws.
All
solid
wastes
are
presently
required
to
be
put
ashore
for
disposal.
Raw
sewage
discharges
will
cease
if
legis-
lation
to
eliminate
discharges
becomes
reality.
Operational
wastes
are
regulated
to
a
degree,
but
further
legislation
is
needed
to
enforce
good
shipkeeping
practices.
Functional
wastes,
especially
those
associated
with
bulk
cargoes,
will
continue
to
be
dumped
indiscriminately
unless
legal
constraints
are
imposed.
Thus,
future
inputs
are,
in
general,
expected
to
decrease.
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%} D SPIllS
Because
of
their
unpredictable
nature,
it
is
not
possible
to
accurately
estimate
specific
material
inputs
which
result
from
spills.
For
the
lake
as
a whole,
inputs
from
spills
are a small
portion
of
the
total.
However,
spills
do
occasionally
have
a
serious
effect
on
local
areas.
There
are
two
primary
types
of
problem
spills
—-
oil
or
petroleum
distillates
and other
hazardous
materials.
Spill
reports
from
state,
provincial,
and federal regulatory agencies indicate that
for oil spills,
less than 50% of the products spilled to water are actually recovered.
Losses of chemicals or other such potentially hazardous materials to
water bodies pose a threat to the local environment because such materials
generally cannot be recovered. Often in cases of spills involving
chemicals, neutralizing agents, which may be considered as polluting
substances themselves, are put into the water.
Spills of chemicals, oil, or other toxic materials generally occur
near centres of industrial activity or along transportation corridors.
The majority of the incidents have‘taken place near population centres ‘
along the shores of Lake Superior or on major tributary watercourses. T
With the exception of a few isolated incidents, most spills have not
caused injury to health or property. However, many spills have caused
at least a temporary environmental upset in the immediate vicinity of
the spill.
ESTIMATES OF INPUTS
As pointed out above, it is impossible to accurately estimate the
amounts of materials spilled into Lake Superior. However, an educated
guess can be made as described below.
The U.S. Army Corps of Engineers projected that in 1975 about 648,000 t
of petroleum and about 83,000 t of chemicals would be carried to ports
in the U.S. portion of Lake Superior. These amounts were expected to
increase by 1980 to about 727,000 t of petroleum and about 91,000 t
of chemicals (1).
One
aut
hor
ity
(2)
has
est
ima
ted
spi
lla
ge
to
be
on
the
ord
er
of
0.1% of the total quantity transported. Using the rate of 0:1% of the
total material transported as the maximum potential, spills 1n the U.S.
port
ion
of L
ake
Supe
rior
woul
d ha
ve b
een
648
t of
petr
oleu
m an
d 83
t
of chemicals in 1975.
 Although
accidental
oil
spills
attract
the
most
public
attention,
they
constitute
only
about
102
of
the
total
amount
of
oil
entering
the
lake..
The
other
902
originates
from
the
normal
operation
of
oil-carrying
tankers,
other
ships,
industrial
operations,
and
the
disposal
of
oil~
waste materials.
 
Permanent
extension
of
navigation
through
the
winter
season
is
now
being
studied.
An
increased
number
of
spills
might
result
if
the
navigation
period
is
extended.
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WASTE LOAD SIMULATION MODEL
DESCRIPTION OF MODEL
In order to examine future trends in loadings from human activities for
their possible impact on the lakes, a
simulation model was developed.
The
model that ultimately evolved (and will continue to change) was the product
of many things.
The questions concerning future loadings required a framework
involving a long time horizon (50 years), a large number of human activity
variables, and eleven separate basin regions. A great deal of uncertainty is
involved in the future projections of the human activity variables and a great
number of alternative futures are both plausible and possible. The world we
live in and the economic and social processes of which we are a part are
constantly undergoing both quantitative and qualitative change. We cannot
possibly know, except perhaps in broad outline, what the future holds for cer-
tain.
The model, therefore, was designed to allow for a range of choice in the
future values of the key variables affecting loadings. In this sense the model
possesses simulation capabilities. However, not all variables can be simulated.
While verbal descriptions of radically different futures are readily available,
no one has yet quantified these and shown how our institutions and value systems
would adjust to accommodate such change. The need for internal consistency in
the model precludes the articulation of radical change. Aside from this limit,
there is still a wide range of simulation capability.
Figure 3.11-1 is a schematic of the model, showing the major variables or
parameters. While many variables are illustrated, the two major components are
municipal sewage treatment plants which serve the sewered population and indus-
trial activity that discharges its waste directly to surface waters. Unfortun—
ately, and significantly, the treatment and discharge of industrial waste by
municipal facilities cannot be modelled separately. The Ontario Ministry of -
the Environment (MOE) has municipalities monitor their influent and effluent
for certain wastes; however, Ministry officials maintain that it is not possible
to s
epar
ate
the
tota
l wa
ste
flow
into
comp
onen
ts i
dent
ifia
ble
as i
ndus
tria
l,
comm
erci
al,
resi
dent
ial,
and
so o
n.
Proj
ecti
ons
of m
unic
ipal
wast
e lo
adin
gs
are very likely biased downwards since they are related only to population
grow
th w
hich
is,
in g
ener
al,
sign
ific
antl
y lo
wer
than
eith
er i
ndus
tria
l or
commercial aTtivity growth rates.
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INFORMATION SOURCES
The
basic
data
requirements
can
be
seen
in
Figure
3.111.
Each
block
represents
a
set
of
information
which
was
collected
or
produced.
The
sources
of
such
information
was
varied.
The
population
projections
for
the
Canadian
basin were
derived
from
Ontario
government
sources.
The
economic
activity
and population
projections
for
the United
States
basin was
drawn
from a
unified effort of the Office of Business Economics of the U.S. Department of
Commerce and the Economic Research Service of the U.S. Department of Agri-
culture.
This large body of information is identified by the acronym OBERS
(19).
The Canadian economic activity projections were drawn from a study
which utilized a large econometric model of the Canadian economy, known by
the acronym CANDIDE (16-18).
For the purpose of this project, CANDIDE pro—
jections of national activity were related to the watershed regions and
extended to the year 2020, well beyond the normally utilized limit of 1985.
Information on industrial waste loadings in the U.S. came from Minnesota,
Wisconsin, and Michigan through Region V of the U.S. Environmental Protection
Agency.
The files of the NPDES system were used to identify individual dis-
chargers, and compliance monitoring reports and/or self monitoring reports
were utilized in the calculation of actual loadings. Industrial waste loadings
in Canadian basins were supplied by MOE, as were municipal loadings and
capacity. Other data and information came from numerous diverse sources
which are listed in the bibliography. Values for the simulation variables
can be determined by interested model users.
Sociological, technological, and institutional aspects of present and
future pollutiOn and pollution abatement were also examined in a separate I
study which suggested several alternative futures (15). Certain aspects of
these futures were used to produce one of the scenarios of future loadings.
MODEL OPERATION
While the data discussed above were oftentimes the product of complex
analytical models designed to produce specific data, the waste loadings model
is conceptually simple. It is really nothing more than an accounting type
representation of the various factors determining loadings and is based on
common sense. The data collected represented, as closely as possible, know—
ledge of the processes by which loadings are created, treated, and discharged.
Ofte
ntim
es,
the
lack
of d
etai
led
info
rmat
ion
requ
ired
simp
lifi
cati
on o
f
comp
lex
proc
esse
s to
work
able
ones
. M
ost
ofte
n, d
ata
avai
labi
lity
and
time
-
lin
ess
det
erm
ine
d t
he
for
m o
f p
roc
ess
rel
ati
ons
hip
s u
sed
in
the
mod
el.
_
Furt
her
info
rmat
ion
and
data
will
cont
inue
to b
ecom
e av
aila
ble,
nece
ssit
atin
g
cha
nge
s i
n t
he
mod
el
dat
a b
ase
and
pro
ces
ses
.
The
loa
din
gs
pre
sen
ted
bel
ow
are
the
pro
duc
t o
f i
nnu
mer
abl
e m
ode
l r
evi
sio
ns
and
are
cer
tai
nly
not
fina
l.
In
bro
ad
out
lin
e,
the
ava
ila
ble
dat
a w
ere
pla
ced
in
a c
omp
ute
r
fil
e
and
the
n m
ani
pul
ate
d a
cco
rdi
ng
to
the
cho
sen
rep
res
ent
ati
on
of
the
phe
nom
ena
bei
ng
con
sid
ere
d.
Lac
k o
f r
eli
abl
e i
nfo
rma
tio
n,
nec
ess
ary
sim
pli
fic
ati
ons
,
and
unc
ert
ai
ty
wer
e a
cco
rde
d t
hei
r d
ue
by
all
owi
ng
for
the
sim
ula
tio
n c
apa
—
For example, the generation
bilities dis ussed above and noted in Figure 3.11—1.
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of
mu
ni
ci
pa
l
wa
st
e
lo
ad
in
gs
by
th
e
mo
de
l
is
ea
si
ly
fo
ll
ow
ed
in
Fi
gu
re
3.
11
—1
.
Po
pu
la
ti
on
,
ur
ba
ni
za
ti
on
an
d
se
we
r
co
nn
ec
ti
on
,
pe
r
ca
pi
ta
wa
st
e
lo
ad
in
gs
an
d
wa
te
r
us
e,
an
d
tr
ea
tm
en
t
ca
pa
ci
ty
ty
pe
an
d
in
ef
fi
ci
en
cy
,
fo
r
ea
ch
ba
si
n
re
gi
on
,
we
re
fi
rs
t
re
la
te
d
ac
co
rd
in
g
to
th
e
mo
de
l
sp
ec
if
ic
at
io
n,
th
en
ch
ec
ke
d
fo
r
si
mu
la
ti
on
ch
an
ge
s,
an
d
fi
na
ll
y
co
mp
ut
ed
lo
ad
in
gs
we
re
pr
od
uc
ed
ac
co
rd
in
g
to
th
e
va
lu
es
th
es
e
va
ri
ab
le
s
we
re
as
si
gn
ed
.
Th
e
mu
lt
id
im
en
si
on
al
na
tu
re
of
th
e
re
la
ti
on
sh
ip
s
de
sc
ri
bi
ng
mu
ni
ci
pa
l
wa
st
e
pr
od
uc
ti
on
,
tr
ea
tm
en
t,
an
d
di
sc
ha
rg
e
di
sc
ou
ra
ge
s
at
te
mp
ts
to
re
pr
od
uc
e
th
em
he
re
.
Th
e
co
mp
le
xi
ty
en
ds
,
ho
we
ve
r,
at
th
e
no
ta
ti
on
al
le
ve
l,
as
th
e
wa
st
e
fl
ow
s
ar
e
po
rt
ra
ye
d
in
a
wa
y
as
cl
os
e
to
th
e
re
al
wo
rl
d
as
qu
an
ti
ta
ti
ve
kn
ow
le
dg
e
wo
ul
d
al
lo
w.
Th
e
in
du
st
ri
al
lo
ad
in
gs
ar
e
ca
lc
ul
at
ed
in
a
si
mi
la
r
wa
y;
ho
we
ve
r,
ce
rt
ai
n
im
po
rt
an
t
di
ff
er
en
ce
s
ar
is
e.
Th
e
wa
st
e
lo
ad
in
gs
da
ta
ar
e
ba
se
d
on
po
st
-
tr
ea
tm
en
t
fl
ow
s,
an
d
no
in
fo
rm
at
io
n
wa
s
av
ai
la
bl
e
to
in
di
ca
te
th
e
le
ve
l
of
tr
ea
tm
en
t
ac
co
rd
ed
be
fo
re
di
sc
ha
rg
e.
Fo
r
ea
ch
ba
si
n
re
gi
on
an
d
in
du
st
ry
,
lo
ad
in
gs
we
re
re
la
te
d
to
a
me
as
ur
e
of
ec
on
om
ic
ou
tp
ut
,
an
d
th
e
ba
si
c
pr
o-
je
ct
io
n
me
th
od
ol
og
y
us
ed
th
is
re
la
ti
on
sh
ip
.
Ag
ai
n,
si
mu
la
ti
on
ca
pa
bi
li
ti
es
al
lo
w
fo
r
a
va
ri
et
y
of
al
te
rn
at
iv
e
as
su
mp
ti
on
s.
Th
e
wh
ol
e
mo
de
l
fo
ll
ow
s
th
is
ba
si
c
ph
il
os
op
hy
of
si
mp
li
ci
ty
.
Wh
il
e
a
gr
ea
t
de
al
of
mo
re
co
mp
le
x
re
se
ar
ch
an
d
an
al
ys
is
wa
s
re
qu
ir
ed
to
pr
od
uc
e
th
e
da
ta
us
ed
in
th
e
mo
de
l,
it
wa
s
no
t
ne
ce
ss
ar
y,
no
r
wa
s
it
at
al
l
ti
me
s
po
ss
ib
le
,
to
ta
ke
ac
co
un
t
of
an
y
co
mp
le
xi
ti
es
re
ma
in
in
g
to
be
ac
co
un
te
d
fo
r
in
th
is
model.
Th
e
lo
ad
in
gs
ex
pl
ic
it
ly
ex
am
in
ed
an
d
mo
de
ll
ed
we
re
on
ly
on
e
so
ur
ce
of
in
pu
t
to
La
ke
Su
pe
ri
or
.
Ac
tu
al
me
as
ur
em
en
ts
of
to
ta
l
lo
ad
in
gs
to
th
e
la
ke
s,
de
sc
ri
be
d
in
th
e
ot
he
r
se
ct
io
ns
of
th
is
ch
ap
te
r,
co
ns
id
er
ed
tr
ib
ut
ar
y,
di
re
ct
mu
ni
ci
pa
l
an
d
di
re
ct
in
du
st
ri
al
,
at
mo
sp
he
ri
c,
in
te
rl
ak
e
tr
an
sp
or
t,
an
d
ot
he
r
so
ur
ce
s.
In
cl
ud
ed
in
tr
ib
ut
ar
y
lo
ad
in
gs
,
of
co
ur
se
,
ar
e
th
e
di
sc
ha
rg
es
of
up
st
re
am
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
pl
an
ts
.
Ne
t
la
nd
ru
no
ff
to
th
e
la
ke
s
wa
s
es
ti
ma
te
d
as
th
e
di
ff
er
en
ce
be
tw
ee
n
th
e
mo
de
l
ca
lc
ul
at
ed
su
m
of
al
l
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
lo
ad
in
gs
an
d
th
e
su
m
of
th
e
pr
es
en
t
me
as
ur
ed
di
re
ct
mu
ni
ci
pa
l,
di
re
ct
in
du
st
ri
al
,
an
d
tr
ib
ut
ar
y
lo
ad
in
gs
.
No
pr
oj
ec
ti
on
s
of
fu
tu
re
lo
ad
in
gs
fr
om
la
nd
ru
no
ff
we
re
at
te
mp
te
d.
Ne
t
la
nd
ru
no
ff
wa
s,
th
er
ef
or
e,
as
su
me
d
co
ns
ta
nt
in
to
th
e
fu
tu
re
.
Th
is
lo
ad
in
g
wa
s
ad
de
d
to
th
e
mo
de
l
pr
oj
ec
te
d
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
lo
ad
in
gs
to
gi
ve
a
"c
al
ib
ra
te
d"
to
ta
l.
Wh
il
e
it
se
em
s
cl
ea
r
th
at
la
nd
ru
no
ff
wi
ll
no
t
re
ma
in
co
ns
ta
nt
in
th
e
fu
tu
re
,
wi
th
ou
t
mo
re
de
ta
il
ed
an
al
ys
es
,
no
ot
he
r
as
su
mp
ti
on
wa
s
po
ss
ib
le
.
It
wa
s
no
ne
th
el
es
s,
highly unsatisfactory.
A
L
T
E
R
N
A
T
I
V
E
PO
IN
T
S
O
U
R
C
E
L
O
A
D
I
N
G
S
P
R
O
J
E
C
T
I
O
N
S
As
de
sc
ri
be
d
ab
ov
e,
th
e
si
mu
la
ti
on
ca
pa
bi
li
ti
es
of
th
e
mo
de
l
en
ab
le
ma
ny
al
te
rn
at
iv
e
pr
oj
ec
ti
on
s
of
lo
ad
in
gs
to
be
ea
si
ly
pr
od
uc
ed
.
Th
re
e
po
ss
ib
le
sc
en
ar
io
s
we
re
de
ve
lo
pe
d.
Th
e
"b
as
e
sc
en
ar
io
"
or
pr
oj
ec
ti
on
ut
il
iz
ed
in
th
is
re
po
rt
is
ba
se
d
up
on
a
co
nt
in
ua
ti
on
of
th
e
ex
is
ti
ng
le
ve
l
of
tr
ea
tm
en
t.
In
op
er
at
io
na
l
te
rm
s,
th
is
me
an
s
th
at
th
e
lo
ad
in
gs
gr
ow
in
di
re
ct
pr
op
or
ti
on
to
in
du
st
ri
al
ou
tp
ut
an
d
po
pu
la
ti
on
gr
ow
th
.
Ph
il
os
op
hi
ca
ll
y,
th
is
sc
en
ar
io
im
pl
ie
s
no
re
la
ti
ve
in
cr
ea
se
in
sp
en
di
ng
on
po
ll
ut
io
n
ab
at
em
en
t
eq
ui
pm
en
t,
no
si
gn
if
ic
an
t
te
ch
no
lo
gi
ca
l
br
ea
kt
hr
ou
gh
s,
an
d
no
in
cr
ea
se
in
pu
bl
ic
or
po
li
ti
ca
l
co
nc
er
n
or
co
mm
it
me
nt
to
en
vi
ro
nm
en
ta
l
pr
ob
le
ms
.
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 A "synergistic scenario" was developed to illustrate the simulation
capabilities of the model and to provide one view of a more optimistic future
for the environment. This scenario reflects possible impacts of increased
public and commercial attention to environmental problems. It includes
changes in production processes and treatment technology. This implies that
the public and the governments have accepted the need for stringent controls
and that the business community develops and utilizes improved processes and
treatment technology.
The synergistic scenario is significant and interesting for several
reasons, the most important of which is the requirement to specify exactly
the changes to current human activity variables that are necessary to achieve
a given loadings decrease. While the exercise does not directly indicate how
these changes are to be brought about, it does serve to stimulate debate by
raising the issues. Secondly, the view held here is that the assumptions
themselves are indeed optimistic. They are as follows:
(1) Municipal per capita loadings in 2020 are 40% of the 1974 value.
(2) Industrial unit loadings in 2020 are 40% of the 1974 value.
(3)
Per
cap
ita
dom
est
ic
wat
er
use
fal
ls
by
nea
rly
hal
f b
y 2
020.
(4)
By
202
0,
80%
of
sew
age
tre
atm
ent
pla
nts
in
the
bas
in
wil
l h
ave
som
e
for
m o
f
adv
anc
ed
or
ter
tia
ry
tre
atm
ent
.
The
bal
anc
e
of
cap
aci
ty
will be at least secondary treatment.
(5)
In
du
st
ri
al
tr
ea
tm
en
t
re
ac
he
s
th
e
le
ve
l
of
82
%
re
mo
va
l
by
20
20
wh
il
e
th
e
av
er
ag
e
co
st
of
ab
at
em
en
t
fa
ll
s
by
a
to
ta
l
of
21
%.
Th
es
e
ar
e
co
mb
in
ed
wi
th
se
ve
ra
l
le
ss
si
gn
if
ic
an
t
as
su
mp
ti
on
s
co
nc
er
ni
ng
po
pu
la
ti
on
si
ze
an
d
di
st
ri
bu
ti
on
th
ro
ug
ho
ut
th
e
ba
si
n.
Th
is
se
t
of
as
su
mp
—
ti
on
s
yi
el
ds
a
fu
tu
re
th
at
gi
ve
s
bo
th
de
cr
ea
si
ng
lo
ad
in
gs
an
d
de
cr
ea
si
ng
or
co
ns
ta
nt
re
al
co
st
s
of
ab
at
em
en
t.
Th
is
se
em
s
to
be
op
ti
mi
st
ic
in
de
ed
.
Wh
il
e
th
e
po
te
nt
ia
l
fo
r
th
e
re
al
iz
at
io
n
of
su
ch
a
sc
en
ar
io
ex
is
ts
,
it
wi
ll
no
t
ac
tu
al
ly
ha
pp
en
wi
th
ou
t
an
in
cr
ea
se
d
co
mm
it
me
nt
to
th
is
go
al
on
th
e
Pa
rt
of
th
e
pu
bl
ic
,
go
ve
rn
me
nt
s,
an
d
in
du
st
ry
.
It
is
up
to
th
em
to
se
e
th
at
th
e
a
b
o
v
e
a
s
s
u
m
p
t
i
o
n
s
a
r
e
in
fa
ct
bo
rn
e
ou
t
or
m
o
r
e
im
po
rt
an
tl
y
th
at
a
su
it
ab
le
co
mb
in
at
io
n
of
di
ff
er
en
t
as
su
mp
ti
on
s
(t
ou
gh
er
he
re
,
ea
si
er
th
er
e)
are fulfilled.
A
t
h
i
r
d
s
c
e
n
a
r
i
o
i
n
c
o
r
p
o
r
a
t
i
n
g
a
b
s
o
l
u
t
e
z
e
r
o
l
o
a
d
i
n
g
a
s
a
g
o
a
l
f
o
r
a
l
l
nu
tr
ie
nt
an
d
to
xi
c
su
bs
ta
nc
es
sh
ow
s
th
at
th
e
co
st
s
ar
e
ex
tr
em
el
y
hi
gh
an
d
d
i
s
r
u
p
t
i
v
e
.
H
o
w
e
v
e
r
,
a
l
t
h
o
u
g
h
a
c
r
o
s
s
—
t
h
e
—
b
o
a
r
d
r
e
m
o
v
a
l
m
a
y
b
e
i
m
p
r
a
c
t
i
c
a
l
,
s
e
l
e
c
t
i
v
e
b
a
n
n
i
n
g
o
f
t
o
x
i
c
a
n
t
s
a
n
d
r
e
m
o
v
a
l
of
n
u
t
r
i
e
n
t
s
is
a
p
r
a
c
t
i
c
a
b
l
e
a
n
d
necessary goal.
ll7
  
 P
R
O
J
E
C
T
E
D
L
O
A
D
I
N
G
S
F
i
g
u
r
e
3
.
1
1
—
2
i
s
a
g
e
n
e
r
a
l
i
z
e
d
r
e
p
r
e
s
e
n
t
a
t
i
o
n
o
f
t
h
e
t
h
r
e
e
l
o
a
d
i
n
g
s
s
c
e
n
a
r
i
o
s
a
n
d
t
h
e
i
r
r
e
l
a
t
i
o
n
s
h
i
p
w
i
t
h
t
h
e
c
u
r
r
e
n
t
(
1
9
7
4
)
s
i
t
u
a
t
i
o
n
.
T
h
e
b
a
s
e
s
c
e
n
a
r
i
o
p
r
o
d
u
c
e
s
a
n
o
b
v
i
o
u
s
l
y
e
x
p
e
c
t
e
d
m
u
l
t
i
p
l
e
i
n
c
r
e
a
s
e
i
n
l
o
a
d
i
n
g
s
a
n
d
i
s
s
i
m
p
l
y
n
o
m
o
r
e
o
r
n
o
l
e
s
s
t
h
a
n
t
h
e
r
e
l
a
t
i
v
e
e
f
f
o
r
t
w
e
a
r
e
e
x
e
r
t
i
n
g
t
o
d
a
y
.
A
g
r
o
w
i
n
g
e
c
o
n
o
m
y
a
n
d
p
o
p
u
l
a
t
i
o
n
w
i
l
l
p
r
o
d
u
c
e
m
o
r
e
w
a
s
t
e
e
a
c
h
y
e
a
r
.
T
h
e
z
e
r
o
l
o
a
d
i
n
g
s
s
c
e
n
a
r
i
o
p
r
o
d
u
c
e
s
a
t
r
e
m
e
n
d
o
u
s
c
o
s
t
b
u
r
d
e
n
b
e
c
a
u
s
e
o
f
t
h
e
r
a
p
i
d
l
y
r
i
s
i
n
g
c
o
s
t
o
f
a
c
h
i
e
v
i
n
g
e
v
e
r
h
i
g
h
e
r
i
n
c
r
e
m
e
n
t
a
l
l
e
v
e
l
s
o
f
t
r
e
a
t
-
ment.
T
h
e
s
i
m
u
l
a
t
i
o
n
o
r
s
y
n
e
r
g
i
s
t
i
c
s
c
e
n
a
r
i
o
d
e
p
i
c
t
e
d
h
e
r
e
s
h
o
w
s
t
h
e
d
e
c
l
i
n
i
n
g
l
o
a
d
i
n
g
s
a
n
d
c
o
s
t
s
a
s
d
i
s
c
u
s
s
e
d
a
b
o
v
e
.
T
h
e
p
r
e
s
e
n
t
a
t
i
o
n
o
f
a
c
t
u
a
l
p
o
i
n
t
e
s
t
i
m
a
t
e
s
o
f
l
o
a
d
i
n
g
s
i
s
r
e
s
t
r
i
c
t
e
d
t
o
t
h
e
f
i
v
e
m
a
t
e
r
i
a
l
s
b
a
l
a
n
c
e
p
a
r
a
m
e
t
e
r
s
.
H
o
w
e
v
e
r
,
i
n
f
o
r
m
a
t
i
o
n
o
n
2
5
o
t
h
e
r
p
a
r
a
m
e
t
e
r
s
t
h
a
t
w
e
r
e
e
x
a
m
i
n
e
d
i
s
a
v
a
i
l
a
b
l
e
(
2
2
,
2
3
)
.
T
r
e
n
d
s
i
n
t
h
e
s
e
l
o
a
d
i
n
g
s
a
r
e
s
i
m
i
l
a
r
t
o
t
h
o
s
e
p
r
e
s
e
n
t
e
d
h
e
r
e
.
T
a
b
l
e
3
.
1
1
—
1
s
h
o
w
s
p
r
e
s
e
n
t
a
n
d
p
r
o
j
e
c
t
e
d
t
o
t
a
l
l
o
a
d
i
n
g
s
t
o
L
a
k
e
S
u
p
e
r
i
o
r
f
r
o
m
m
u
n
i
c
i
p
a
l
,
i
n
d
u
s
t
r
i
a
l
,
a
n
d
t
r
i
b
u
t
a
r
y
s
o
u
r
c
e
s
f
o
r
t
w
o
d
i
f
f
e
r
e
n
t
r
u
n
s
o
f
t
h
e
b
a
s
e
s
c
e
n
a
r
i
o
(
2
2
,
2
3
)
.
T
h
e
d
i
f
f
e
r
e
n
c
e
s
i
n
t
h
e
t
w
o
s
i
m
u
l
a
t
i
o
n
s
o
f
p
r
o
-
j
e
c
t
e
d
l
o
a
d
i
n
g
s
i
n
2
0
2
0
a
r
e
d
u
e
i
n
p
a
r
t
t
o
a
n
u
p
d
a
t
e
d
i
n
f
o
r
m
a
t
i
o
n
b
a
s
e
f
o
r
t
h
e
F
e
b
r
u
a
r
y
1
9
7
7
o
u
t
p
u
t
,
w
h
i
c
h
r
e
f
l
e
c
t
s
t
h
e
d
y
n
a
m
i
c
n
a
t
u
r
e
o
f
t
h
e
m
o
d
e
l
.
T
h
e
t
w
o
p
r
o
j
e
c
t
i
o
n
s
a
l
s
o
i
n
c
o
r
p
o
r
a
t
e
d
i
f
f
e
r
e
n
t
a
s
s
u
m
p
t
i
o
n
s
a
b
o
u
t
i
n
d
u
s
t
r
i
a
l
d
i
s
c
h
a
r
g
e
s
o
f
n
i
t
r
o
g
e
n
,
c
h
l
o
r
i
d
e
,
a
n
d
r
e
a
c
t
i
v
e
s
i
l
i
c
a
t
e
,
w
h
i
c
h
a
r
e
n
o
t
c
o
m
—
p
l
e
t
e
l
y
m
e
a
s
u
r
e
d
i
n
C
a
n
a
d
a
.
N
o
n
e
t
h
e
l
e
s
s
,
t
h
e
b
a
s
i
c
p
o
i
n
t
i
s
i
n
e
s
c
a
p
a
b
l
e
:
u
n
d
e
r
t
h
e
p
r
i
m
a
r
y
a
s
s
u
m
p
t
i
o
n
s
o
f
t
h
e
b
a
s
e
s
c
e
n
a
r
i
o
t
h
a
t
t
h
e
e
x
i
s
t
i
n
g
l
e
v
e
l
o
f
t
r
e
a
t
m
e
n
t
t
e
c
h
n
o
l
o
g
y
a
n
d
t
h
e
p
r
e
s
e
n
t
l
e
v
e
l
o
f
f
u
n
d
i
n
g
a
t
a
f
i
x
e
d
p
e
r
c
e
n
t
a
g
e
o
f
t
h
e
G
r
o
s
s
B
a
s
i
n
P
r
o
d
u
c
t
w
i
l
l
c
o
n
t
i
n
u
e
,
l
o
a
d
i
n
g
s
o
f
e
a
c
h
p
a
r
a
m
e
t
e
r
f
r
o
m
m
u
n
i
c
i
p
a
l
a
n
d
i
n
d
u
s
t
r
i
a
l
s
o
u
r
c
e
s
w
i
l
l
i
n
c
r
e
a
s
e
.
S
e
v
e
r
a
l
c
o
n
s
i
d
e
r
a
t
i
o
n
s
p
r
o
m
p
t
e
d
t
h
e
d
e
t
a
i
l
e
d
p
r
e
s
e
n
t
a
t
i
o
n
o
f
t
h
e
b
a
s
e
s
c
e
n
a
r
i
o
p
r
o
j
e
c
t
i
o
n
s
o
n
l
y
.
F
i
r
s
t
,
t
h
e
l
o
a
d
i
n
g
s
f
r
o
m
t
h
e
b
a
s
e
s
c
e
n
a
r
i
o
a
r
e
t
h
e
m
o
s
t
c
r
i
t
i
c
a
l
v
a
l
u
e
s
f
r
o
m
t
h
e
v
i
e
w
p
o
i
n
t
o
f
w
a
t
e
r
q
u
a
l
i
t
y
m
e
a
s
u
r
e
m
e
n
t
s
a
n
d
p
o
l
i
c
y
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
.
S
e
c
o
n
d
l
y
,
t
h
e
z
e
r
o
l
o
a
d
i
n
g
s
s
c
e
n
a
r
i
o
n
e
e
d
s
n
o
e
l
a
-
b
o
r
a
t
i
o
n
e
x
c
e
p
t
f
r
o
m
a
c
o
s
t
v
i
e
w
p
o
i
n
t
.
A
s
i
l
l
u
s
t
r
a
t
e
d
i
n
F
i
g
u
r
e
3
.
1
1
—
2
,
t
h
e
s
e
c
o
s
t
s
e
s
c
a
l
a
t
e
r
a
p
i
d
l
y
a
n
d
b
e
c
o
m
e
v
e
r
y
l
a
r
g
e
.
W
h
i
l
e
a
l
t
e
r
n
a
t
i
v
e
a
s
s
u
m
p
t
i
o
n
s
c
o
n
c
e
r
n
i
n
g
t
h
e
b
e
h
a
v
i
o
u
r
o
f
c
o
s
t
s
m
a
y
b
e
c
o
n
s
i
d
e
r
e
d
i
n
t
h
e
m
o
d
e
l
a
s
z
e
r
o
d
i
s
c
h
a
r
g
e
i
s
a
p
p
r
o
a
c
h
e
d
,
t
h
e
l
o
a
d
i
n
g
s
o
u
t
c
o
m
e
i
s
p
r
e
d
e
t
e
r
m
i
n
e
d
.
T
h
i
r
d
l
y
,
t
h
e
s
y
n
e
r
g
i
s
t
i
c
s
c
e
n
a
r
i
o
l
o
a
d
i
n
g
s
r
e
v
e
a
l
t
h
e
g
e
n
e
r
a
l
p
a
t
t
e
r
n
o
f
t
h
e
c
u
r
v
e
i
n
F
i
g
u
r
e
3
.
1
1
—
2
:
a
s
t
e
a
d
y
d
e
c
l
i
n
e
r
e
l
a
t
i
v
e
t
o
1
9
7
4
.
A
c
o
n
s
i
d
e
r
a
b
l
e
e
f
f
o
r
t
c
o
u
l
d
b
e
m
a
d
e
d
i
s
c
u
s
s
i
n
g
t
h
e
s
e
l
o
a
d
i
n
g
s
;
h
o
w
e
v
e
r
,
t
h
i
s
w
o
u
l
d
d
e
t
r
a
c
t
f
r
o
m
t
h
e
u
l
t
i
m
a
t
e
a
n
d
p
e
r
h
a
p
s
o
n
l
y
s
i
g
n
i
f
i
c
a
n
c
e
t
h
e
p
r
o
j
e
c
t
i
o
n
h
a
s
,
w
h
i
c
h
i
s
,
t
h
e
s
y
n
e
r
g
i
s
t
i
c
s
c
e
n
a
r
i
o
i
l
l
u
s
t
r
a
t
e
s
t
h
e
s
i
m
u
l
a
t
i
o
n
c
a
p
a
b
i
l
i
t
i
e
s
o
f
t
h
e
m
o
d
e
l
a
n
d
g
i
v
e
s
c
o
n
c
r
e
t
e
v
a
l
u
e
s
f
o
r
k
e
y
d
e
t
e
r
m
i
n
a
n
t
s
o
f
l
o
a
d
i
n
g
s
t
h
a
t
,
a
c
c
o
r
d
i
n
g
t
o
t
h
e
m
o
d
e
l
,
w
i
l
l
r
e
s
u
l
t
i
n
l
o
w
e
r
l
o
a
d
i
n
g
s
i
n
t
h
e
f
u
t
u
r
e
.
S
t
r
i
c
t
l
y
s
p
e
a
k
i
n
g
,
a
p
l
a
u
s
i
b
l
e
a
n
d
p
o
s
s
i
b
l
e
s
c
e
n
a
r
i
o
c
o
u
l
d
j
u
s
t
a
s
e
a
s
i
l
y
b
e
c
o
n
s
t
r
u
c
t
e
d
t
o
p
r
o
d
u
c
e
i
n
c
r
e
a
s
e
s
i
n
l
o
a
d
i
n
g
s
a
n
d
h
i
g
h
e
r
a
v
e
r
a
g
e
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ALTERNATIVE POLICY OPTIONS
(30 PARAMETERs)
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 TABLE 3.11-1
PRESENT AND PROJECTED LOADINGS TO
LAKE SUPERIOR FROM MUNICIPAL, INDUSTRIAL,
AND TRIBUTARY SOURCESa’b
 
PAR
AME
TER
LOA
DIN
G,
IN
TON
NES
PER
YEA
R
1974 2020C 2020d
Total Phosphorus, as P 3,060 3,690 3,860
Total Nitrogen, as N 37,700 50,600 39,700
Reac
tive
Sili
cate
, a
s
422,
000
443,
000
483,
000
Si02
Dis
sol
ved
Sol
ids
6,5
30,
000
8,6
60,
000
8,7
00,
000
Chl
ori
de,
as
Cl
245
,00
0
274
,00
0
260
,00
0
  
a. In accordance with the base scenario.
b.
Eac
h v
alu
e c
ont
ain
s a
non
poi
nt
lan
d r
uno
ff
com
pon
ent
whi
ch
was
assumed constant into the future.
c.
Bas
e s
cen
ari
o —
sim
ula
tio
n o
f A
pri
l 1
976
.
Fro
m R
efe
ren
ce
(22
).
d.
Bas
e s
cen
ari
o -
sim
ula
tio
n o
f F
ebr
uar
y 1
977
.
Fro
m R
efe
ren
ce
(23
).
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 costs
of
abatement,
relative
to
the
base
scenario.
A
close
reading
of
the
current
situation
in
the
Great Lakes
BaSin
certainly
does not
inexorably
lead
to
the
conclusion
that
lower
future
loadings
are
the most
likely
outcome.
Further,
the
lack
of
data
on
industrial
flows
to
municipal
treatment
plants
introduced
the
downward
bias
in
municipal
loadings
projections
as
noted
above.
Therefore,
one does
not want
to
inadvertently
impute
a sense
of
reality
or
concreteness
to
the
simulation
outcomes.
Each
scenario
serves
a
purpose
which has
been
discussed
above;
however,
a final
interpretation
might
be in order to tie things together.
SUGGESTED INTERPRETATIONS
The base scenario and the simulation scenario can be viewed side by
side.
The base scenario takes existing loading information, relates it to
human activity,
andpresents a projection based on an extrapolation of these
present conditions and assumed relationships.
In this process, a large
number of variables that form the residual creation, treatment, and discharge
process are explicitly represented. The adequacy of the functional rela-
tionships used by the model is variable. Similarly, data quality and quantity
also have question marks attached to them. It is, however, all that is
available at a certain point in time. Using this framework, the trends
inherent in the economic and social processes, as they are presently under-
stood, are extrapolated into the future. It simply indicates the general
direction in which we are going on our present course.
The simulation scenario allows us to examine two basic questions. One
question is to test or utilize other opinions on the general functional form
of the model. The other, and perhaps more important question is to test
other opinions on the future values of key determinants of loadings. This
can be done in two ways. First, different assumptions can be made concerning
these variables, as was done in the scenario discussed above. Second, the
loading change desired would be specified and the model could be used to
indicate different combinations of values of key variables that would yield
this desired loading.
The
bas
e s
cen
ari
o i
s e
sse
nti
all
y a
ben
chm
ark
, d
eri
ved
fro
m t
he
bes
t o
f
our present knowledge. It is, of course, subject to change, and has been
changed several times, as demonstrated above, as new information became
avai
labl
e.
If t
his
benc
hmar
k is
unsa
tisf
acto
ry,
the
mode
l or
gani
zes
data
and
kno
wle
dge
in
a s
yst
ema
tic
way
to
ena
ble
man
ipu
lat
ion
or
cha
nge
in
the
sys
tem
and
the
n o
bse
rva
tio
n o
f t
he
res
ult
s.
The
exe
rci
se
can
be
loo
sel
y c
omp
are
d t
o
a
fee
dba
ck
mec
han
ism
.
The
inf
orm
ati
on
con
tai
ned
in
the
bas
eli
ne
cas
e,
if
uns
ati
sfa
cto
ry,
res
ult
s i
n f
urt
her
sim
ula
tio
n a
nd
inv
est
iga
tio
n,
the
reS
ult
s
of
wh
ic
h,
in
tur
n,
mi
gh
t
pr
om
pt
fu
rt
he
r
ac
ti
on
or
de
ci
si
on
.
AREAS FOR FUTURE CONSIDERATION
In
an
y
un
de
rt
ak
in
g
co
ve
ri
ng
as
ma
ny
ar
ea
s
of
st
ud
y
an
d
ta
ki
ng
as
lo
ng
a
e,
th
er
e
ar
e
in
nu
me
ra
bl
e
th
in
gs
th
at
on
e
wo
ul
d
ha
ve
li
ke
d
to
time to compl t
hav
e d
one
bet
ier
.
Thi
s m
ode
l i
s n
o e
xce
pti
on.
The
num
ero
us
wor
kin
g p
ape
rs
des
cri
bin
g v
ari
ous
asp
ect
s
of
the
mod
ell
ing
eff
ort
are
lis
ted
in
the
bib
lio
—
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 No
ef
fo
rt
at
de
ta
il
in
g
sh
or
tc
om
in
gs
,
de
fi
ci
en
ci
es
,
an
d
so
fo
rt
h
wi
ll
be undertaken here.
graphy.
Mo
de
ll
in
g
su
ch
as
th
at
do
ne
he
re
is
an
on
go
in
g
ef
fo
rt
.
Th
e
co
nc
ep
tu
al
iz
a—
ti
on
an
d
co
ns
tr
uc
ti
on
of
su
ch
mo
de
ls
is
as
he
lp
fu
l
in
id
en
ti
fy
in
g
pr
ob
le
m
are
as
in
oth
er
res
ear
ch
fie
lds
as
is
pro
gre
ssi
on
in
the
opp
osi
te
dir
ect
ion
.
Th
e
po
te
nt
ia
l
fu
tu
re
us
es
of
th
e
pr
es
en
t
mo
de
l
ha
ve
be
en
di
sc
us
se
d
ab
ov
e
an
d
som
e
int
ere
st
has
bee
n
sho
wn
in
thi
s
dir
ect
ion
.
It
is
als
o
cle
ar
tha
t
con
-
cep
tua
l
and
emp
iri
cal
pro
ble
ms
sti
ll
rem
ain
,
and
wor
k
con
tin
ues
in
the
se
areas .
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Chapter 4 deals with the studies of the nearshore waters of Lake Superior.
The study program contained a two-phased approach. The first phase dealt with
the documentation of water quality along those stretches of the nearshore area
relatively unaffected by man's activities. The second aspect dealt with the
assessment of water quality degradation in locations where significant waste
inputs originate. It relates the material loading data contained in Chapter 3
to the effects on water quality in the immediate offshore areas where water
use is most intensive. Accordingly, Chapter 4 is divided into the following
sections:
Lake Superior Coastal and Embayments
Thunder Bay
Duluth—Superior Harbor
Silver Bay
Neashore—Offshore Exchange
J
—
‘
D
-
D
J
-
‘
b
m
e
N
o
—
l
The first four subchapters each contain a description of the limnological
characteristics — physical, chemical, and biological - plus a summary of
existing and developing problems. Chapter 4.5 is a commentary on the nearshore—
offshore exchange of materials, leading up to the description of the open
waters of Lake Superior in Chapter 5.
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 m
u
s
u
m
m
o
n
m
a
m
A ﬁlm manvmms
DESCRIPTION OF THE STUDY AREA
HYDROLOGY
Lake Superior, the largest of the St. Lawrence Great Lakes, is
approximately 610 km long, 260 km wide, and 406 m maximum depth. The
total surface area of the lake is 82,103 kmz, of which 28,749 km2 is in
Canada and 53,354 km2 is in the U.S; the total volume of the lake is
11,920 km3. About 83,916 km2 of Canadian land drains into Lake Superior,
whereas only 43,771 km2 of U.S. land is in the drainage basin. The
major river inflows on the Canadian side are the Kaministikwia River,
Long Lac Diversion, Magpie River, Michipicoten River, Montreal River,
Nipigon River, and White River.
The principal tributary in the Minnesota watershed is the St. Louis
River, which enters the lake at Duluth. The second largest Minnesota
tributary (forming the Minnesota-Ontario border) in terms of discharge
is the Pigeon River. Two other rivers, representative of the many
Minnesota north shore streams are the Gooseberry and Cascade Rivers.
The
maj
or
Wis
con
sin
tri
but
ari
es
to L
ake
Sup
eri
or
are
the
Boi
s
Bru
le,
Bad
, M
ont
rea
l,
and
Nem
adj
i R
iver
s.
The
Mic
hig
an
tri
but
ari
es
ent
eri
ng
Lak
e S
upe
rio
r a
re
the
Mon
tre
al
(for
ming
the
Wis
con
sin
—Mi
chi
gan
border), Presque Isle, and Ontonagon Rivers.
Th
e
St.
Ma
ry
s
Ri
ve
r
is
the
ou
tl
et
for
La
ke
Sup
er
io
r.
PHYSIOGRAPHY
La
ke
Su
pe
ri
or
co
ll
ec
ts
wa
te
r
fr
om
pr
ec
ip
it
at
io
n
on
it
s
su
rf
ac
e
an
d
al
so
fr
om
pr
ec
ip
it
at
io
n
wi
th
in
the
dr
ai
na
ge
bas
in.
It
has
be
en
su
gg
es
te
d
(1
,2
)
th
at
th
e
ch
em
ic
al
co
mp
os
it
io
n
of
La
ke
Su
pe
ri
or
wa
te
r
re
se
mb
le
s
th
at
of
ra
in
wa
te
r
si
nc
e
th
e
dr
ai
na
ge
in
to
th
e
la
ke
ha
s
li
tt
le
ti
me
to
re
ac
t
wi
th
re
si
st
an
t
Pr
ec
am
br
ia
n
me
ta
mo
rp
hi
c
ro
ck
s
th
at
un
de
rl
y
th
e
dr
ai
na
ge
ba
si
n.
Mo
st
of
th
e
ba
si
n
co
ns
is
ts
of
Pr
ec
am
br
ia
n
ig
ne
ou
s
an
d
me
ta
mo
rp
hi
c
ro
ck
.
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at
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e.
Th
e
pu
rp
os
e
of
th
es
e
st
ud
ie
s
wa
s
to
un
de
rt
ak
e
a
sy
st
em
at
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at
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at
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d
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ra
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the
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).
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e
de
ta
il
ed
st
ud
ie
s
of
Th
un
de
r
Ba
y
ar
e
di
sc
us
se
d
in Chapter 4.2.
Th
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to the Wisconsin sampling program. Each location was sampled during the
spring of 1974 (June-July) and the fall of 1974 (August-September) by
the Michigan Department of Natural Resources (DNR).
DATA PRESENTATION
To reflect regional differences in water quality and to facilitate
the presentation of findings, the Reference Group divided both nearshore
and Open water areas of Lake Superior into segments. The nearshore
waters of Lake Superior are geographically segmented into ten segments A
to J in Figure 4.1—1. Statistical summaries are shown in Figures 4.1-2
to 4.1—12 for each segment and season.
Geographical division of nearshore and open water areas was justi~
fied on a number of grounds. First, the water chemistry and biology in
different parts of a lake are frequently different. Therefore, it would
be misleading to combine measurements from different parts of a lake
into one average value. Such an overall average might mask an unusually
high or low value in one area of a lake. Segmentation also allows
quantitative tests to be made to determine if apparent differences
between areas of a lake are statistically real or simply within the
expe
cted
rang
e of
vari
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n.
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a c
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the
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con
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r
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P
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e
u
p
w
e
l
l
i
n
g
of
w
a
t
e
r
f
r
o
m
th
e
d
e
p
t
h
s
of
t
h
e
la
ke
in
th
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r
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r
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p
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e
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p
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at
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b
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d
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e
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ra
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re
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ra
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d
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pe
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at
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d
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r
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ra
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d
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ra
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at
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Up
pe
r
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e
En
tr
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.
Th
is
st
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se
d
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e
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e
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ra
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ure
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Sin
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s p
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par
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ra
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hou
t
the
nea
rsh
ore
wat
ers
ran
gin
g
fro
m
12.
6—1
6.8
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Ba
y
ha
da
qu
at
ic
macrophyte growth.
gr
ow
th
wa
s
ob
se
rv
ed
in
is
ol
at
ed
ar
ea
s
al
on
g
th
e
sh
or
el
in
e.
Us
in
g
a
si
mp
le
eu
tr
op
hi
ca
ti
on
mo
de
l,
it
ha
s
be
en
de
mo
ns
tr
at
ed
on
th
e
ba
si
s
of
ph
os
ph
or
us
lo
ad
in
g
th
at
Ja
ck
fi
sh
Ba
y
is
a
me
so
tr
op
hi
c
ar
ea
;
ho
we
ve
r,
no
si
gn
if
ic
an
t
in
cr
ea
se
in
bi
om
as
s
ha
s
be
en
do
cu
me
nt
ed
.
ma
cr
op
hy
te
gr
ow
th
oc
cu
rs
in
va
ri
ou
s
ar
ea
s
of
Ni
pi
go
n
Ba
y,
es
pe
ci
al
ly
ne
ar
th
e
mo
ut
h
of
th
e
Ni
pi
go
n
Ri
ve
r.
th
is
em
ba
ym
en
t
is
in
th
e
ol
ig
ot
ro
ph
ic
ra
ng
e.
An
nu
al
me
an
s
of
to
ta
l
ph
os
ph
or
us
ra
ng
ed
fr
om
0.
00
4
to
0.
01
3
mg
P/
2
in
th
e
ne
ar
sh
or
e
wa
te
rs
wi
th
th
e
lo
we
st
me
an
re
co
rd
ed
in
bo
th
se
gm
en
ts
A
an
d
J
an
d
th
e
hi
gh
es
t
an
nu
al
me
an
oc
cu
rr
in
g
in
se
gm
en
t
F
(F
ig
ur
e
4.
1-
5)
.
Segment F at the
s
o
ut
h
we
s
t
c
o
r
n
e
r
of
th
e
la
ke
h
a
d
th
e
lo
we
st
s
e
c
c
h
i
d
e
p
t
h
v
a
l
u
e
s
(1
.5
-2
.8
m)
an
d
th
e
hi
gh
es
t
tu
rb
id
it
y
(2
.0
—1
1.
1
JT
U)
re
su
lt
in
g
fr
om
re
d
cl
ay
er
os
io
n
al
on
g
th
e
Wi
sc
on
si
n
sh
or
el
in
e.
Th
is
co
nd
it
io
n
is
at
tr
ib
ut
ed
to
The water in the
Re
la
ti
ve
to
ne
ar
sh
or
e
va
lu
es
,
ph
os
ph
or
us
,
an
d
a
nu
mb
er
of
ot
he
r
su
bs
ta
nc
es
wh
ic
h
ar
e
re
qu
ir
ed
Lo
ca
l
de
gr
ad
at
io
n
pr
ob
le
ms
in
Th
un
de
r
Ba
y,
Du
lu
th
—S
up
er
io
r
In
th
e
ea
st
er
n
ar
m
of
Ja
ck
fi
sh
Ba
y
(T
un
ne
l
Ba
y)
,
Sparse aquatic
0n
th
e
ba
si
s
of
ph
os
ph
or
us
lo
ad
in
g,
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TAB
LE
4.1
—2
SEA
SON
AL
VAL
UES
FOR
PHY
SIC
AL
PAR
AME
TER
S
IN
LAK
E
ONT
ARI
O,
WIS
CON
SIN
AND
MIC
HIG
AN
SUP
ERI
OR
WA
TE
RS
Location
TEMPERATURE (0C)
SECCHI
DISC (
m)
TURB
IDIT
Y (J
.T.U.
)
Spring
Summer
Spring
Summer
Fall
Annual
Sum
mer
Peninsula
Harbour
10.811.0(9)
9.5-13.0
15.4:
3.4(4
)
12.4—18.7
3.010.7(11)
2.5—4.5
10.1:
3.0(4
)
6.0—
12.5
12.01
9.0(2
)
12.0-12.0
5.7:A
.I(17
)
2.5-
12.5
Jackfiah
Bay
11.511.0(14)
9.0-16.5
2.sio.5(14)
0.5—6.0
Nipigon
Bay
12.2:j.8(3)
7.9-15.0
14.2:3.5(6)
10.7-17.5
14.1:
7.4(2
)
8.8—19.3
4.311.5(3)
3.0—6.0
5.212.8(6)
2.5—10.0
3.8
i2.
5(2
)
2.0—5.5
4.732.3(11)
2.o—
Io.O
1.6:p
.9(6)
0.
4-
3.
2
2.4:2
.0(2)
1.0—
3.8
1.6
:1.
0(1
D
0.4—
3.8
Black Bay 19.0:O.5(48)
14.5—22.0
2.5
10.
2(2
4)
1.5—4.0
Pine Bay
17.0:1.0(4)
16.0-18.5
4.2:ﬁ
.6(4)
0.9—
II.O
Bad R. Area 16.5:9.6(4)
16.0-17.0
13.919.3(4)
13.5—14.0
9.2:A.7(4)
2.2—12.5
8.3:A
.5(8)
2.2—
14.o
2.519
.9(4)
1.3-3.5
1.6
:1.
1(8
)
0.7—
3.5
Bad R. Mouth
18.511.7(4)
17.0-21.0
14.0:0.0(3)
14.0—14.0
10.4:
9.5(4
)
a.7—14.5
2.1:1.2(3)
2.0—
2.2
6.9:5
.S(7)
2.0—
IA.5
0.7-
5.0
5.7:z
.1(3)
3.4-7.3
3.5
12.
8(7
)
0.7—
7.3
Montreal R.
Area
11.819.5(5)‘
11.0—12.0
9.719
.5(5)
9.O—
Io.o
12.S:1.2(5)
11.0
—14.
0
5.4:0.8(5)
5.0—
6.8
9.134
.0(10
)
5.
0—
14
.0
2.0:
O.4(
5)
1.4
-2.
2
1.3:
o.7(
1m
0.6—2.2
Montreal R.
Mouth
14.513.9(3)
12.0-19.0
9.5:O
.5(3)
9.0—
Io.o
10.Q:Z.O(3)
8.7—
12.3
s.q:1
.0(3)
4.9—
6.8
7.8:2.8(6)
a.9—12.3
1.6:O
.5(3)
1.
2—
2.
2
1.3+O
.6(6)
0.7-
.2
 
Marquette Bay
(Carp R. Area)9.3—10.4
9.919.3(15) 14.9:O.3(15)
14.0—15.0
5.2:0.0(3)
5.2—
5.2
8.819.0(1)
6.111.8(4)
5.2—
8.8
0.7:O.1(2$
0.5—
0.9
Carp R.Mouth 11.519.7(2)
11.0-12.0
 
15.3:p.4(2)
15.0-15.5
1.7:O.o(1) 3.7:0
.0(1)
2.711
.4(2)
1.7—3.7
1.819
.5(2)
1.4
—2.
1
1.710.3(4)
1.4-2.1
Munising
(South Bay)
8.119.4(18)
7.0-
8.8
13.513.5(13)
9.0—17.O
4.3: (e)
2
.
1 9
-7.3
O
\
6.3:2
.5(12
)
2.9—8.8
1.239.7(11)
0.7—
2.9
1.1:1.4(2$
0.3—6.6
Munising
(Anna R.Mouth
3.119.1(2)
8.0-8.2
17.239.3(2)
17.0—17.4
4.O:o.o(1)
4.119.1(2)
4.0—
4.1
1.3to.2(2)
1.1-1.4
1.0:O.3(4)
0.7—1.4
Ontonagon
10.211.1(13)
8.5—12.O
14.819.6(18)
14.0-15.0
3.5:I
.7(12
)
1.5
—6.
1
1.819.6(12)
1.0—3.6
1.6:1.0(12)
0.6-3.6
Ontonagon R.
Mouth
-11.0-12.0
11.719.6(3) 15.010.0(3)
15.0—15.0
3.7:0
.0(1)
3.519
.7(2)
3.0-
4.0
Lower Portage 6.811.8(9) 14.012.2(9)
Entry
5.0~11.0
(3
)
7.
31
0.
1(
3)
11.0—17.0 6.1-7.6
6.111.8(6) 1
3.7-7.6
0.5
Lower Portage 8.613.9(3) 13.7:2.1(3)
6.1:O.O(I)
Entry (Mouth 6.3—13.1
1 _
1
(2)
1.5:
I.1(
4)
11.9-16.0
0.7—3
0.7-3.1
Presque Isle
Har
bor
Code
Mean15tandard Deviation (Number of Samples)
Minimum Value - Maximum Value
6.611.7(17)
5.5-13.o
14.1:1.6(14)
10.5-16.2
8.119.9(3)
7.3-9.1
9.0:1.9(6)
7.3-
12.2
8.7:I.6(9)
7.3-
12.2
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Means
for
the
remaining
nearshore
segments
(B—E,
G-I)
ranged
from
0.005
to 0.008 mg/ﬁ.
Exceptions
to
these
values
were
reported
by
the
Minnesota
PCA
for
segments
D
and
E
and
by
Wisconsin
for
segments
F
and
G.
Since
the
station
locations
in
Minnesota
were
influenced
by
tributary
inputs,
it
is
likely
that
the
values
reported
do
not
truly
represent
baseline
levels.
In
Wisconsin,
analytical
technique
as
well
as
the
proximity
of
some
stations
to
tributary
inputs,
resulted
in
annual
means
which
were
double
the
concentration
reported
by
the
Canada
Centre
for
Inland
Waters
(CCIW) for segments F and G.
In
the
Ontario
nearshore
waters
in
the
zone
between
Whitefish
Bay
and
the
entrance
of
the
eastern
channel
of
Nipigon
Bay,
the
total
phosphorus
concentrations were
<0.007 mg/Z except
for a portion of
Batchawana
Bay where
higher values
were
observed
(6).
Tributary
inputs,
cottage development,
as well as relatively limited exchange of bay
waters with open waters are factors contributing to higher phosphorus
levels in this embayment.
Near Rossport,
the phosphorus concentration
was higher than the general area, and the mouth of the western channel
of Nipigon Bay exhibited still higher values.
Segment C, between the
western channel of Nipigon Bay and Thunder Bay Harbour, showed higher
levels than segments A and B.
Minnesota studies of the Cascade and Gooseberry River mouth areas
(segments D and E, respectively) indicated total phosphorus levels which
fluctuated over a wide range and were generally higher than published
values for the open lake and other nearshore segments. As indicated
before, some anomalous values of total phosphorus were observed in
Minnesota waters. The annual means of 0.007 and 0.008 mg/£ for segments
D and E, respectively, reported by CCIWmay be considered as representative
of baseline levels. Water quality conditions of Ontario, Minnesota, and
Wisconsin embayments and river mouths are summarized in Table 4.1—3.
 
The quality of Michigan waters in terms of total phosphorus is
generally consistent with the northern and western sections of the lake.
Segment H had a maximum value of 0.077 mg/ﬂ; however, the annual mean
was 0.007 mg/ﬁ.
Several zones of potentially impacted water quality were identified
by Michigan DNR during the 1974 sampling. These areas are all located
at river inflows. The effects of watershed disturbances, agricultural
activity, and municipal and industrial discharges contribute to localized
water quality impairment at Ontonagon, Lower Portage Entry, Presque Isle
Harbor, Carp River, and Munising. At each of these locations, the
res
pec
tiv
e r
ive
r m
out
hs
wer
e s
ampl
ed.
A s
umm
ary
of
wat
er
qua
lit
y c
ond
iti
ons
at these river mouths is given in Table 4.1—4.
The
Car
p
Riv
er
and
Mun
isi
ng
wer
e
ide
nti
fie
d
as
the
mos
t
imp
act
ed
of
the
Lak
e S
upe
rio
r l
oca
tio
ns
in
Mic
hig
an
wat
ers
.
At
the
Car
p R
iver
.
mou
th,
the
tot
al
pho
sph
oru
s w
as
nin
e t
ime
s h
igh
er
tha
n a
t t
he
sta
tio
ns
far
the
r o
ffs
hor
e.
Thi
s l
eve
l i
s a
ttr
ibu
ted
to
the
Mar
que
tte
mun
ici
pal
139
 
  
TAB
LE
4.1
-3
SEASO
NAL V
ALUES
FOR C
HEMIC
AL PA
RAMET
ERS I
N LAK
E SUP
ERIOR
WATER
S
ONT
ARI
O,
MIN
NES
OTA
AND
WIS
CON
SIN
S E
A S
O N A
L
V A
L U
E S
Paramete
r
Units
Spring
Summer
Fall
n
x
S
Min.
Max.
n
x
S
Min.
Max.
n
 
o
o
u
4
w
I
x
Min.
Max.
Total P (P)
mg/i 9 0
.006 0 002
0.004 0.010
Total N (N)
mg/l 9 0.28 0.02
0.25 0.31
Conductivity
uS/cm 9 110 9
103 133
0.
00
7
0.
0.36
0.
101 5
002 0.005
0.009 2 0
.009 0.002
0.007 0.010
06 0.32 0.43 0
.31 0.03 0.29 0.33
96 107 2 97
1 96 97
N
J
n
o
q
l
w
n
m
m
x
'
r
Total P (P)
mg/l 14 0.018 0.017
0.004 0.070
Total N (N)
mg/E 14 0.32 0.02
0.27 0.45
Conductivity uS/cm 14 153 39 94 363
Chlorophyll a
ug/i 7 1.2 1.1
0.6 3.8
5
9
%
F
I
n
s
u
l
u
a
d
“
9
1
2
1
3
9
F
0.0
08
0.25
n
o
C
O
N
Total P
(P)
mg/1
Total N (N)
mg/l
3
03 0.005 0
.011
3
Dissolved Reactive Silic
ate ($102) mg/l 3 2.
3 0.2 2.0 2.4
3
3
0.15 0.34
2.1
2.5
98
119
.4 0
.6
1.6
0.00
7
005
0.00
3 0
.012
0.34 .05
0.29 0.38
1
0
0
2.6
0.
2.5
2.6
Conductivity
uS/cm
8
0
Chlorophyll a
ug/i
107
1.1
110
102
118
0.9
.2
0.8
1.1
M
M
M
M
M
o
o
d
m
o
(
'
1
&
W
I
“
m
e
£
3
3
u
o
ﬂ
t
h
N
Total P (P)
mg/l 24 0 01
Total N (N)
mg/l 24 0.26
Dissolved Reactive Silicate ($102 mg/l 24 2 2
Chlorophyll a ug/2 24 1 5
K
e
n
ﬂ
o
a
t
s
1
1
4
0
Total P (P) mg/l
Total N (N) mg/l
Dissolved Reactive Silic
ate ($102) mg/l
Conductivity uS/cm
Chlorophyll a
ug/K
0.033
0.026
0.015
0.070
0.41
0.35
0.21
0.94
2.8 2
.2 8.
0
108
13
100
127
1.2
0.2
0.9
1.4
m
E
a
q
-
o
q
a
5
9
E
a
u
‘
d
Total P (P)
mg/l
Total N (N) _
mg/£
Chloride (C1 )
mg/i
Sulphate (502‘)
mg/l
Dissolved Reactive Silic
ate ($102 mg/l
Conductivity uS/cm
Chlorophyll a
ug/£
NA
M
0
H
0
m
<
f
.
o
o
~
6
o
~
o
w
w
w
w
m
w
m
“
a
n
o
n
x
a
A
y
u
a
p
e
o
s
e
o
N
Total P (P)
mg/l
Total N (N) mg/i
Chloride (c1') mg/l
Sulphate (503’)
mg/l
Dissolved Reactive Silic
ate ($102) mg/l
Conductivity uS/cm
Chlorophyll a mg/£
I
f
}
0
0
o
m
o
m
n
'
0
H
0
O
N
.
c
.
.
0
0
\
1
l
ﬁ
N
r
\
0
a
o
o
o
c
o
w
a
o
o
o
m
“
a
n
o
n
c
>
o
H
&
o
m
o
0
‘
N
o
 
3
1
°
C
ﬁ Total P (P) mg/i
5 Total
N (N)
mg/2
g Dissolved Reactive Silicate ($102) mg/l
0
\
1
‘
OO0m0
o
0I
n
0
09 0.020 0.050
1 0.
19 0
.46
2.0 11.6
O
O
\
N
.
0
0
¢
0
0
Q
“
)
0
0
¢
w
o
o
c
o
\
D
[
x
o
0f
\
I
n
0
\
D
c
o
w
s
.
0
0
"
M
O
‘
C
O
N
0
0
x
1
o
o
o
o
c
o
ﬁ Total P (P) mg/i
5 Total N (N)
mg/2
g Dissolved Reactive Sil
icate (SiOZ mg/l
.
4
—
-
1
0.010 0 0
0.3
1
0.4
2.3 8 7
0 7
0.019
0.002
0.015
0 02
7 0.40 0.
02 0.39
0.44
7 2.4 0.
02 2.2
2 8
-
u
A
i
z
a
q
a
s
o
o
o
'
3
a
t
n
x
q
'
3
p
s
i
~
0
0
0
5
1
m
0
0
6
1
w
w
w
0
V
1
D
O
N
.
C
O
N
  
Total P (P)
ms/l
H
8 o a
0.003 0.070
3 2 § Total N (N) mg/l
32%
8 0
0.32 0.69
7 O
1.9 5.3 8 2
o
—
.
.
—
:
1 0.010
.
4
N
N
 
.
.
0
0
"
l
h
ﬁ0
w
h
e
n
Dissol
ved Re
active
Silica
te ($1
02) mg/
l
    
  
TABLE
4.1-4
SEASONAL
VALUES
FOR
CONTROL
AND
IMPACTED
AREAS
IN
LAKE
SUPERIOR
MICHIGAN
WATERS
s E A s o N A L
v A L U E sa’b
 
AREA
PARAMETER
UNITS
SPRING
FALL
ANNUAL
n
T
S
Min.
Max.
n
i
S
Min.
Max.
n
Y
S
Min.
Total
P
(P)
mg/z
12
Total
N
(N)
_
mg/£
Chloride
(Cl
)
mg/l
Sulphate (303-)
mg/l
Dissolved
Reactive
Silicate
($102)
mg/l
Conductivity
uS/cm
Chlorophyll
a
ug/Q
\
T
O
<0.002(4) 0.017
0.326
1.1
0
5
M
N
C
E
O
0 0 21 0
5 1 21 O
.4
13 1
8
14 3.
4 2
8
1
.
—
a
\
0
O
N
5
0
0
0
—
1
5
3
0
1
O
O
—
‘
Q
—
i
O
O
O
—
‘
ﬁ
3.
2
.
14
0
0
0
0
0
6
1
0
0
0
0
0
0
6
1
0
G
‘
O
O
Q
O
W
M
0
0
0
0
-
0
-
4
0
R
I
N
G
)
m
e
v
—
1
(
I
o
a
n
u
o
o
)
a
I
e
r
u
3
1
3
1
O0
'
9
C
D
r
\
N(
D
OO
NL
n
<
7
0
"
(
D
O
Or
\
O
I
n
D
 
Total
P
(P)
mg/l
Total
N
(N)
mg/l
Chloride
(Cl-)
mg/i
Sulphate
(soﬁ‘)
mg/£
Dissolved
Reactive
Silicate
($102)
mg/i
Conductivity
uS/cm
Chlorophyll
a
ug/i
N
0
0
0
N
O
O
N
O
O
x
’
f
o
‘
l
’
o
M
.
_
‘
0
0
0
0
0
-
4
0
~
D
~
O
<
t
x
7
<
f
®
N
o
o
o
M
'
s
o
o
o
o
o
H
M
M
N
N
N
M
—
l
o
o
o
N
H
o
o
o
o
0
~
M
M
N
N
N
M
H
u
o
ﬂ
e
u
o
n
u
o
NN
o
NOO
O
NO
Total/P
(p)
mg/£
Total
N
(N)
_
mg/l
Chloride
(Cl
)
mgl£
Sulphate
(302-)
mg/l
Dissolved
Reactive
Silicate
($102)
mg/l
Conductivity
uS/cm
Chlorophyll
a
ug/£
o
n
c
o
m
O
d
O
H
N
A
l
a
n
a
3
3
9
3
1
0
4
1
9
A
°
1
1
4
1
V
‘
Q
Q
Q
N
O
N
C
O
N
N
—
u
O
O
O
O
O
N
N
N
N
N
N
M
—
t
M
N
N
N
M
F
‘
Total
P
(P)
mg/l
Total
N
(N)
_
mg/l
Chloride
(C1
)
mg/l
Sulphate
(SOg’)
mg/l
Dissolved
Reactive
Silicate
($102)
mg/l
Conductivity
uS/cm
Chlorophyll
a
ug/1
M
Q
Q
Q
Q
Q
N
N
N
N
N
N
C
h
&
H
N
N
N
N
N
H
x
o
q
x
e
ﬂ
a
I
s
I
a
n
b
s
a
u
a
Total
P
(P)
mg/2
Total
N
(N)
mg/Z
Chloride
(Cl')
mg/Z
Sulphate
(802‘)
mg/2
Dissolved
Reactive
Silicate
($102)
mg/i
Conductivity
uS/cm
Chlorophyll
a
ug/l
Q
Q
Q
Q
Q
Q
N
N
N
N
N
N
—
d
N
N
N
N
N
N
J
a
A
r
u
d
z
a
a
Total
P
(P)
mg/z
Total
N
(N)
mg/l
Chloride
(Cl‘)
mg/l
Sulphate
(504‘)
mg/l
Dissolved
Reactive
Silicate
($102)
mg/£
Conductivity
‘
uS/cm
Chlorophyll
a
ug/£
\
T
Q
\
‘
1
‘
\
7
\
T
\
T
N
N
N
N
N
N
N
r
‘
N
N
N
N
N
N
F
‘
S
u
r
s
r
u
n
n
      
a.
less
than
values
(<)
averaged
using
half
of
detection
limit.
b.
the
number
of
samples
having
less
than
values
is
indicated
in
the
parentheses.
 
 
  
wa
st
e
wa
te
r
tr
ea
tm
en
t
pl
an
t
(W
WT
P)
lo
ca
te
d
ap
pr
ox
im
at
el
y
0.
4
km
up
st
re
am
fr
om
th
e
Ca
rp
Ri
ve
r
mo
ut
h.
A
bi
ol
og
ic
al
su
rv
ey
in
19
68
in
di
ca
te
d
si
gn
if
ic
an
t
de
gr
ad
at
io
n
in
th
e
ri
ve
r
be
lo
w
th
e
tr
ea
tm
en
t
pl
an
t
(3
1)
.
At
Mu
ni
si
ng
,
th
e
va
lu
e
of
to
ta
l
ph
os
ph
or
us
at
th
e
ri
ve
r
mo
ut
h
wa
s
se
ve
n-
fo
ld
hi
gh
er
th
an
at
th
e
of
fs
ho
re
st
at
io
ns
.
Th
e
hi
gh
va
lu
es
of
to
ta
l
ph
os
ph
or
us
(0
.0
16
mg
/l
)
an
d
to
ta
l
ni
tr
og
en
(0
.4
25
mg
/l
)
in
So
ut
h
Ba
y
ad
ja
ce
nt
to
Mu
ni
si
ng
ma
y
be
du
e
to
th
e
mu
ni
ci
pa
l
WW
TP
di
sc
ha
rg
e
to
th
e
An
na
Ri
ve
r
an
d
di
sc
ha
rg
es
fr
om
th
e
Ki
mb
er
ly
—C
la
rk
pa
pe
r
mi
ll
.
A
bi
ol
og
ic
al
su
rv
ey
co
nd
uc
te
d
in
19
68
in
di
ca
te
d
th
at
th
es
e
tw
o
so
ur
ce
s
ad
ve
rs
el
y
af
fe
ct
ed
water quality (32).
TOTAL NITROGEN
Th
e
me
an
su
rf
ac
e
co
nc
en
tr
at
io
n
of
to
ta
l
ni
tr
og
en
in
th
e
On
ta
ri
o
ne
ar
sh
or
e
ar
ea
s
wa
s
0.
31
0
mg
N/
2
(F
ig
ur
e
4.
1—
6)
.
Th
e
to
ta
l
ni
tr
og
en
wa
s
lo
we
r
in
se
gm
en
t
C.
In
re
sp
ec
t
to
se
gm
en
ts
A-
C,
th
e
le
ve
ls
we
re
el
ev
at
ed
in
D—
J.
Th
e
hi
gh
es
t
va
lu
es
we
re
ob
se
rv
ed
in
th
e
Wi
sc
on
si
n
wa
te
rs
fo
ll
ow
ed
by
Mi
nn
es
ot
a,
Mi
ch
ig
an
,
an
d
On
ta
ri
o.
Va
lu
es
fo
r
to
ta
l
ni
tr
og
en
we
re
fa
ir
ly
co
ns
ta
nt
in
Mi
nn
es
ot
a
ne
ar
-
sh
or
e
wa
te
rs
,
bu
t
we
re
ab
ov
e
pu
bl
is
he
d
va
lu
es
fo
r
th
e
op
en
la
ke
(1
2)
.
Ni
tr
og
en
le
ve
ls
we
re
mu
ch
hi
gh
er
in
se
gm
en
t
F
at
th
e
so
ut
hw
es
t
co
rn
er
of
th
e
la
ke
,
ag
ai
n
du
e
to
th
e
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
lo
ad
in
gs
.
Al
l
th
re
e
st
at
io
ns
in
Wi
sc
on
si
n
wa
te
rs
sh
ow
ed
de
cr
ea
se
d
co
nc
en
tr
at
io
ns
of
ni
tr
at
e
an
d
am
mo
ni
a
co
mp
ar
ed
to
a
19
68
st
ud
y
(1
3)
.
To
ta
l
or
ga
ni
c
ni
tr
og
en
ha
d
higher concentrations in 1974.
In
Mi
ch
ig
an
wa
te
rs
,
an
nu
al
me
an
s
of
to
ta
l
ni
tr
og
en
ra
ng
ed
fr
om
0.
37
8
—
0.
39
7
mg
/Q
wi
th
no
si
gn
if
ic
an
t
di
ff
er
en
ce
s
in
co
nc
en
tr
at
io
ns
fo
un
d
be
tw
ee
n
ri
ve
r
mo
ut
h
an
d
of
fs
ho
re
st
at
io
ns
.
REACTIVE SILICATE
Th
e
av
er
ag
e
co
nc
en
tr
at
io
n
of
re
ac
ti
ve
si
li
ca
te
(F
ig
ur
e
4.
1—
7)
in
ne
ar
sh
or
e
wa
te
rs
of
La
ke
Su
pe
ri
or
wa
s
ch
ar
ac
te
ri
st
ic
of
th
e
ol
ig
ot
ro
ph
ic
na
tu
re
of
th
e
la
ke
.
Th
e
su
rf
ac
e
co
nc
en
tr
at
io
n
in
th
e
ne
ar
sh
or
e
ar
ea
s
wa
s
ty
pi
fi
ed
by
th
e
On
ta
ri
o
me
an
of
2.
2
mg
Si
Oz
/Q
.
Th
e
ma
jo
r
so
ur
ce
of
si
li
ca
te
in
th
e
la
ke
is
th
e
ge
ol
og
ic
al
de
po
si
ts
in
th
e
dr
ai
na
ge
ba
si
n.
Si
nc
e
si
li
ca
te
is
ut
il
iz
ed
by
di
at
om
s,
lo
we
r
le
ve
ls
ar
e
ex
pe
ct
ed
in
th
e
su
rf
ac
e
wa
te
rs
wh
er
e
di
at
om
s
ar
e
ac
ti
ve
.
Th
e
le
ve
l
of
re
ac
ti
ve
si
li
ca
te
ob
se
rv
ed
in
th
e
ne
ar
sh
or
e
wa
te
rs
co
mp
ar
ed
ve
ry
we
ll
wi
th
th
e
ea
rl
ie
r
st
ud
ie
s
re
po
rt
ed
in
th
e
li
te
ra
tu
re
,
an
d
is
no
t
co
ns
id
er
ed
a
ca
us
e
fo
r
concern (29,33).
HISTORICAL NUTRIENT DATA
Be
et
on
(3
3)
co
mp
il
ed
th
e
ch
em
ic
al
co
mp
os
it
io
ns
of
La
ke
Su
pe
ri
or
wa
te
rs
an
d
pr
es
en
te
d
in
a
ta
bu
la
r
fo
rm
th
e
av
er
ag
e
va
lu
es
fo
r
se
ve
ra
l
pa
ra
me
te
rs
,
co
ve
ri
ng
th
e
pe
ri
od
18
50
to
19
63
.
A
co
mp
ar
is
on
of
th
e
me
an
co
nc
en
tr
at
io
ns
of
nu
tr
ie
nt
s
fo
un
d
in
th
is
st
ud
y
wi
th
th
os
e
of
ea
rl
ie
r
st
ud
ie
s
su
gg
es
ts
th
at
th
e
av
er
ag
e
co
nc
en
tr
at
io
ns
of
to
ta
l
ph
os
ph
or
us
ob
se
rv
ed
in
se
gm
en
ts
A,
B,
an
d
C
by
MO
E;
in
D,
E,
an
d
G
by
CC
IW
;
an
d
in
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 H,
I,
an
d
J
by
Mi
ch
ig
an
DN
R
ag
re
ed
we
ll
wi
th
th
e
pa
st
da
ta
.
Th
e
hi
gh
va
lu
es
me
as
ur
ed
by
bo
th
Mi
nn
es
ot
a
an
d
CC
IW
in
se
gm
en
t
F
we
re
pr
ob
ab
ly
du
e
to
th
e
in
fl
ue
nc
e
of
Du
lu
th
-S
up
er
io
r
Ha
rb
or
.
Me
an
co
nc
en
tr
at
io
ns
of
re
ac
ti
ve
si
li
ca
te
fo
r
ea
ch
se
gm
en
t
we
re
in
ge
ne
ra
l
ag
re
em
en
t
wi
th
th
e
li
te
ra
tu
re
.
Th
e
me
an
va
lu
es
of
to
ta
l
ni
tr
og
en
we
re
in
re
as
on
ab
le
ag
re
em
en
t
wi
th
Sc
he
ls
ke
an
d
Ro
th
's
da
ta
(2
9)
wi
th
se
gm
en
ts
A,
B,
an
d
C
sh
ow
in
g
lo
we
r
va
lu
es
th
an
th
e
ot
he
r
ar
ea
s.
Mi
nn
es
ot
a
an
d
Wi
sc
on
si
n
wa
te
rs
ha
d
th
e
hi
gh
es
t
va
lu
es
of
to
ta
l
ni
tr
og
en
,
wh
er
ea
s
Mi
ch
ig
an
ha
d
in
te
rm
ed
ia
te
va
lu
es
.
Se
gm
en
ts
A,
B,
an
d
C
sh
ow
ed
so
me
wh
at
lo
we
r
va
lu
es
th
an
Be
et
on
's
fi
nd
in
gs
.
It
mu
st
be
re
me
mb
er
ed
,
in
co
mp
ar
in
g
th
e
pr
es
en
t
da
ta
wi
th
th
os
e
re
po
rt
ed
in
th
e
li
te
ra
tu
re
,
th
at
th
e
ot
he
r
au
th
or
s
av
er
ag
ed
th
e
co
nc
en
tr
at
io
ns
fo
un
d
ov
er
la
ke
—w
id
e
sa
mp
li
ng
st
at
io
ns
,
wh
er
ea
s
sa
mp
li
ng
si
te
s
in
th
e
19
73
an
d
19
74
st
ud
y
pe
ri
od
we
re
li
mi
te
d
to
a
ma
xi
mu
m
of
8
km
fr
om
th
e
sh
or
e.
CHLOROPHYLL a
Ch
lo
ro
ph
yl
l
a
le
ve
ls
pr
ov
id
e
a
me
as
ur
e
of
th
e
st
an
di
ng
ph
yt
op
la
nk
to
n
cr
op
.
Th
e
av
er
ag
e
ch
lo
ro
ph
yl
l
a
co
nc
en
tr
at
io
n
in
th
e
On
ta
ri
o
ne
ar
sh
or
e
ar
ea
s
of
La
ke
Su
pe
ri
or
(F
ig
ur
e
4.
1—
8)
wa
s
fo
un
d
to
be
0.
8
ug
/£
wi
th
ma
xi
ma
ra
re
ly
ex
ce
ed
in
g
2
ug
/l
at
an
y
lo
ca
ti
on
.
In
co
nt
ra
st
,
in
th
e
em
ba
ym
en
t
ar
ea
s
th
e
co
nc
en
tr
at
io
n
ra
ng
ed
fr
om
0.
4
to
3.
8
ug
/l
.
In
Mi
nn
es
ot
a
wa
te
rs
(s
eg
me
nt
s
D,
E,
an
d
pa
rt
of
F)
,
ch
lo
ro
ph
yl
l
a
le
ve
ls
pa
ra
ll
el
le
d
th
e
to
ta
l
ni
tr
og
en
an
d
to
ta
l
ph
os
ph
or
us
va
lu
es
,
wi
th
th
e
so
ut
hw
es
t
co
rn
er
of
th
e
la
ke
ha
vi
ng
th
e
hi
gh
es
t
co
nc
en
tr
at
io
ns
(3
.6
ug
/£
)
fo
ll
ow
ed
by
th
e
la
ke
si
te
s
ne
ar
Du
lu
th
—S
up
er
io
r
Ha
rb
or
(2
.5
ug
/l
).
Th
is
de
mo
ns
tr
at
es
th
e
ef
fe
ct
s
of
nu
tr
ie
nt
lo
ad
in
gs
fr
om
Du
lu
th
-
Su
pe
ri
or
Ha
rb
or
in
to
th
e
ex
tr
em
e
we
st
er
n
en
d
of
th
e
la
ke
.
Ch
lo
ro
ph
yl
l
a
le
ve
ls
at
th
e
Go
os
eb
er
ry
an
d
Ca
sc
ad
e
Ri
ve
r
st
at
io
ns
we
re
cl
os
e
to
pu
bl
is
he
d
le
ve
ls
fo
r
th
e
op
en
la
ke
(1
2)
.
Se
gm
en
ts
D
an
d
E
ag
re
ed
we
ll
wi
th
A,
B,
an
d
C
in
ch
lo
ro
ph
yl
l
a
va
lu
es
.
Th
e
hi
gh
es
t
re
po
rt
ed
le
ve
l
of
ch
lo
ro
ph
yl
l
a
fo
r
al
l
ar
ea
s
wa
s
in
se
gm
en
t
F
as
me
as
ur
ed
by
th
e
Mi
nn
es
ot
a
PC
A.
In
Mi
ch
ig
an
wa
te
rs
,
ch
lo
ro
ph
yl
l
a
sh
ow
ed
no
co
ns
is
te
nt
re
la
ti
on
sh
ip
be
tw
ee
n
ri
ve
r
mo
ut
h
an
d
of
fs
ho
re
st
at
io
ns
an
d
ge
ne
ra
ll
y
av
er
ag
ed
le
ss
than 2 ug/R.
Ex
ce
pt
fo
r
se
gm
en
ts
F
an
d
H,
th
e
an
nu
al
av
er
ag
es
fo
r
ch
lo
ro
ph
yl
l
a
in
al
l
ne
ar
sh
or
e
ar
ea
s
we
re
<2
ug
/Z
,
th
e
le
ve
l
re
po
rt
ed
to
be
th
e
ma
xi
mu
m
li
mi
t
fo
r
an
ol
ig
ot
ro
ph
ic
la
ke
(3
4)
.
DISSOLVED OXYGEN
Al
l
La
ke
Su
pe
ri
or
ne
ar
sh
or
e
se
gm
en
ts
ex
hi
bi
te
d
ex
ce
ll
en
t d
is
so
lv
ed
ox
yg
en
le
ve
ls
.
An
nu
al
me
an
s
we
re
at
or
ne
ar
sa
tu
ra
ti
on
an
d
ra
ng
ed
fr
om
about 8-14 mg 02/2 (Figure 4.1—9).
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I
S
S
O
L
V
E
D
I
N
O
R
G
A
N
I
C
S
AL
KA
LI
NI
TY
AN
D
TO
TA
L
HA
RD
NE
SS
Al
ka
li
ni
ty
in
La
ke
Su
pe
ri
or
is
lo
w
du
e
to
th
e
na
tu
re
of
th
e
dr
ai
na
ge
ba
si
n.
Dr
ai
na
ge
wa
te
rs
en
te
ri
ng
th
e
la
ke
ar
e
lo
w
in
di
ss
ol
ve
d
ch
em
ic
al
s
du
e
to
th
e
sl
ow
we
at
he
ri
ng
of
th
e
Pr
ec
am
br
ia
n
ig
ne
ou
s
ro
ck
in
th
e
watershed.
Me
an
va
lu
es
we
re
ge
ne
ra
ll
y
in
th
e
41
to
45
mg
/2
ra
ng
e.
It
ha
s
be
en
ob
se
rv
ed
th
at
al
ka
li
ni
ty
in
th
e
la
ke
is
hi
gh
es
t
in
th
e
sp
ri
ng
an
d
fa
ll
,
pr
io
r
to
an
d
af
te
r
th
er
ma
l
st
ra
ti
fi
ca
ti
on
;
th
is
co
ul
d
be
co
rr
el
at
ed
wi
th
lo
w
wa
te
r
te
mp
er
at
ur
e
an
d
in
cr
ea
se
d
so
lu
bi
li
ty
of
ca
rb
on
di
ox
id
e
(3
5)
.
A
de
fi
ni
te
ri
se
in
al
ka
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ni
ty
wa
s
ob
se
rv
ed
in
th
e
fa
ll
al
on
g
th
e
On
ta
ri
o
sh
or
el
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e
(s
eg
me
nt
s
A,
B,
an
d
C)
.
No
ot
he
r
se
gm
en
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sh
ow
ed
th
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ty
pe
of
fa
ll
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cr
ea
se
,
an
d
no
si
gn
if
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t
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cr
ea
se
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s
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id
en
t.
Al
ka
li
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ty
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em
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te
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to
tr
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s
va
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th
e
41
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5
mg
/l
ra
ng
e
wi
th
no
tr
en
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di
sc
er
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e.
In
so
me
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ea
s,
va
lu
es
dr
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pe
d
to
37
mg
/2
(M
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tr
ea
l
Ri
ve
r
mo
ut
h)
,
an
d
ne
ar
th
e
Ca
rp
Ri
ve
r
th
e
va
lu
e
in
cr
ea
se
d
to
>5
0
mg
/ﬁ
.
Al
ka
li
ni
ty
va
lu
es
in
On
ta
ri
o
em
ba
ym
en
t
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ea
s
we
re
va
ri
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an
d
no
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en
ds
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d
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de
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ne
d.
In
Wi
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si
n
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,
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ni
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we
re
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gh
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th
e
Ba
d
Ri
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r
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ea
th
an
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ne
ar
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or
e
st
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io
ns
.
Th
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s
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rv
ed
in
Mi
ch
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an
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te
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th
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gh
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an
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ck
gr
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le
ve
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d
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e
Ca
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Ri
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r
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h
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d
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e
Mu
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si
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La
ke
Su
pe
ri
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ne
ar
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e
wa
te
rs
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e
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ed
as
so
ft
.
Me
an
to
ta
l
ha
rd
ne
ss
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lu
es
we
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al
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th
e
42
—4
8
mg
/l
ra
ng
e.
Se
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t
F
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d
th
e
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gh
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t
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es
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s
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th
e
hi
gh
40
's
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d
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w
50
's
.
Th
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y
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e
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e
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s
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e
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or
el
in
e
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n
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d
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Du
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—S
up
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r
Ha
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.
Si
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e
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s
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by
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jo
r
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d
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d
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e
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w
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mg
l£
ra
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e.
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e
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t
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in
Mi
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.
pH
Al
l
pH
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e
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s
we
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e
7.
5
to
8.
5
ra
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e.
A
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d
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r
sp
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in
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d
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de
cr
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pH
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h
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e
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an
d
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pp
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e
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ab
le
ep
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ha
s
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(3
5)
.
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d
is
ev
id
en
t
in
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en
ts
D,
E,
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d
F;
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e
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o
li
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d
fo
r
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r
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di
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te
a
tr
en
d.
SU
LP
HA
TE
,
CH
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DE
,
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D
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ND
UC
TI
VI
TY
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e
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of
La
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"
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h
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mg
/Q
.
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e
to
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d
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e
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wh
at
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ed
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mg
/l
.
Th
e
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t
le
ve
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of
di
ss
ol
ve
d
so
li
ds
oc
cu
r
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Ja
ck
fi
sh
Ba
y
wh
ic
h
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iv
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wa
st
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Ki
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Co
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n
in
th
e
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d
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 solids
level
was
obserVed
with
increasing
distance
lakeward
from
the
mouth
of
Blackbird
Creek
which
carries
these
industrial
wastes
to
the
bay.
In
the
open
waters
of
the
bay
the
level
dropped
to
that
found
in
the
Ontario
nearshore waters.
‘
The
conductivity
values
averaged
97
pS/cm
for
the
Ontario
nearshore
waters
of
Lake
Superior,
which
agreed
very
well
with
conductivity
measurements
in
the
open
lake
(35).
Figure
4.1—10
shows
the
comparison
of
different
segments
of
the
nearshore
waters
for
conductivity.
Segments
F
to
J
showed
lower
values
ranging
from
79
to
94
uS/cm,
reflecting
lower
inputs
of
dissolved
materials
in
the
Wisconsin
and
Michigan
waters.
The
sulphate
and
chloride
values
for
the
nearshore
segments
are
Shown
in
Figures
4.1-11
and
4.1—12,
respectively.
Minnesota
and
Michigan
measured
these
parameters
in
the
nearshore
waters,
Wisconsin
measured
only
chloride,
and
Ontario
did
not
report
any
values
for
these
two
parameters.
Sulphate
ranged
from
1.9
to
5.2
mg
804/2
whereas
chloride
had a range of 0—2 mg/z.
In Michigan waters, river mouth values for sulphate and chloride
were usually higher than nearshore segment values.
The outer stations,
however, usually were
verynear background
waterquality.
In segment H,
only chloride values at Ontonagon were higher.
The Ontonagon River
receives municipal and industrial discharges.
There is a significant
input of eroded material as evidenced by high levels of red clay turbidity.
In segment J, only sulphate at Munising and chloride at Carp River were
elevated which is the result of municipal and industrial discharges to
the nearshore waters.
ORGANICS
PCB'S AND PESTICIDES
For these parameters, only limited water sampling was conducted.
No traces of any of 15 organophosphorus pesticides were found. The
quantification limit ranged from 0.005 to 0.05 ug/l. It may be concluded
that these are either not being applied in quantity in the drainage
basin or are biodegrading at a rate sufficient to reduce them to below
detection limits.
No
org
ano
chl
ori
ne
pes
tic
ide
s
(qu
ant
ifi
cat
ion
lim
it
of
0.0
0?
to
0.0
1
ug/
R f
or
the
17
pes
tic
ide
s e
xam
ine
d)
or
PCB
'S
(qu
ant
ifi
cat
ion
lim
it
of
0.1
pg/l
) we
re f
ound
.
Howe
ver,
dete
ctab
le a
moun
ts o
f y-
lind
ane.
were
found in every watersample examined.
PHENOLS
Th
e
me
an
le
ve
l
of
ph
en
ol
ic
su
bs
ta
nc
es
in
se
gm
en
ts
A
to
C
wa
s
3.
3
u
g
/
z
.
/
Co
nc
en
tr
at
io
ns
of
ph
en
ol
ic
su
bs
ta
nc
es
in
Pe
ni
ns
ul
a
Ha
rb
ou
r
an
d
Ja
ck
fi
sh
Ba
y
wa
te
rs
we
re
co
ns
id
er
ab
ly
hi
gh
er
th
an
ba
ck
gr
ou
nd
le
ve
ls
of
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nearshore waters.
Levels
of phenolic
substances
in
the waste
plume
of
American
Can of
Canada Limited
at
Peninsula
Harbour
ranged
from 6—80
Ug/l.
In
Jackfish
Bay,
levels
ranged
from
a
mean
of
60
ug/£
at
0.5
km
from
the mouth
of
Blackbird
Creek to
4 ug/£
at
a distance
of
3.5 km
from
the
creek mouth.
This
creek discharges wastes
from Kimberly—Clark
of
Canada to Jackfish Bay.
Levels of phenols in segments D to F were
typically <2 ug/l with a maximum value of 10 ug/£ reported
in the
Cascade River area.
HEAVY METALS
There is no heavy metalpollution in the waters of Lake Superior
(Table 4.1—5). Both the open waters and the nearshore waters are devoid
of harmful levels of nickel, lead, manganese, cadmium, chromium, iron,
and zinc. Only iron and manganese are significantly higher in the
western arm of Lake Superior (6.8 and 0.6 ug/Q, respectively). Nearshore
and open lake levels are typically 2.0 and 0.3 ugli, respectively.
SEDIMENT CHARACTERISTICS
Mothersill (3,4,5) has summarized the surficial geology of the
Canadian shoreline from the St. Marys River to Pigeon River. Nussmann
(36) investigated the trace elements in the lake sediments. Grab samples
of sediments taken in 1973 along the Canadian shoreline were examined
for nutrients, heavy metals, percentage loss on ignition, phthalates,
PCB's, and pesticides (6). Results are shown in Table 4.1-6 for heavy
metals and in Table 4.1—7 for PCB's and pesticides.
Pollutants such as pesticides may be sorbed by soil aggregates and
tran
spor
ted
to l
akes
as s
edim
ents
. H
owev
er,
pest
icid
e an
alys
is i
n La
ke
Superior sediments did not reveal the presence of lindane, heptachlor,
ald
rin
,
hep
tac
hlo
r e
pox
ide
, t
hio
dan
, d
iel
dri
n,
or
end
rin
.
Onl
y l
ow
lev
els
of
DDE
, D
DD,
and
DDT
wer
e f
oun
d i
n t
hes
e s
edi
men
ts.
Du
ri
ng
th
e
de
ve
lo
pm
en
t
of
a
lak
e,
al
ga
l
or
ga
ni
sm
s
ar
e
se
di
me
nt
ed
to
the
bot
tom
alo
ng
wit
h o
the
r o
rga
nic
and
ino
rga
nic
mat
eri
als
.
Bac
ter
ia
pre
sen
t
at
the
bot
tom
dec
omp
ose
the
org
ani
c m
ate
ria
l,
but
a s
ubs
tan
tia
l
po
rt
io
n
ma
y
re
ma
in
th
er
e
an
d
wi
th
th
e
bu
il
d—
up
of
se
di
me
nt
s
ov
er
th
e.
.
Ye
ar
s,
th
ey
ma
y
ne
ve
r
be
ex
po
se
d
to
th
e
ov
er
ly
in
g
wa
te
rs
.
Th
e
qu
an
ti
ti
es
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org
ani
c
pho
sph
oru
s
and
nit
rog
en,
and
oth
er
che
mic
al
fea
tur
es,
giv
e
an
ap
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at
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n
of
th
e
pr
od
uc
ti
vi
ty
of
th
e
la
ke
.
Th
e
lo
w
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nt
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ve
ls
fo
un
d
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e
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s
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ir
m
th
e
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w
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or
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Se
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mp
le
s
co
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y
ex
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d
sl
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,
ho
we
ve
r,
un
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ke
ly
th
at
a
re
le
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e
of
nu
tr
ie
nt
s
Oc
cu
rs
fr
om
th
e
se
di
me
nt
s
to
th
ov
er
ly
in
g
wa
te
rs
si
nc
e
th
e
bo
tt
om
Ox
yg
en
le
ve
ls
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e
ne
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ti
on
.
Ac
cu
mu
la
ti
on
s
of
de
co
mp
os
in
g
bo
tt
om
de
po
si
ts
we
re
fo
un
d
in
so
me
lo
ca
ti
on
s
in
Ja
ck
fi
sh
Ba
y.
Th
es
e
de
po
si
ts
,
co
ns
is
ti
ng
of
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od
fi
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es
,
cl
ay
,
an
d
si
lt
,
co
nt
ai
ne
d
a
ma
xi
mu
m
of
SA
volatile material.
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 HEAVY METALS IN LAKE
TABLE 4.1-5
SUPERIOR WATERS
 
 
 
   
   
 
  
 
  
 
 
3mm: concmmnou m ug/ld
wculou ma“ nb'c As Cd Cr Cu Fe 9 Mn Ni Pb Zn
BLACK RIVER UF ' 1 0.9 0.09 0.5 1.7 19 <0.02 0.6 <0.8 0.5 <24
F 1 0.9 f <0.4 0.8 0.8 0.3 <0.8 <0.2 f
ONTONAGON UP 1 0.9 0.15 0.4 1.5 30 <0.02 0.6 <0.8 0.4 <L6
F 1 0.6 f <0.3 1.0 2.0 f <0.8 <0.2 f
U. PORTAGE ENTRY UP 1 0.8 0.04 <0.3 1.3 43 <0.02 0.6 <0.9 0.2 <L7
F 1 0.7 <0.03 <0.3 0.9 0.6 0.3 <0.8 <0.2 f
L. PORTAGE ENTRY UP 1 0.8 0.11 0.3 1.9 8.9 <0.02 0.6 <0.8 0.3 4.4
F 1 0.7 0.11 <0.03 0.8 <1.4 f <0.8 <0.2 f
EAGLE HARBOR UP 2 0.3 0.2 <L0
0.8 0.11 <0.3 1.2 46 <0.02 0.8 <0.8 <0.2 <L5
F 2 0.8
0.7 0.04 <0.3 0.7 <0.5 0.2 <0.8 <0.2 1.3
BIG BAY UP 2 <2.7
0.9 0.16 1.0 2.0 10.0 <0.02 0.5 <0.8 0.4 2.6
F 2 1.6 0.2
1.1 0.09 0.3 1.2 <0.5 <0.1 <0.8 <0.2 f
HARQUETTE HARBOR UF 2 0.08 0.4 <2J
0.9 <0.04 0.4 1.1 20.1 <0.02 1.4 <0.8 <0.2 <L8
P 2 0.11 <1.1 6.6 <0.2
1.2 <0.03 <0.3 <1.0 <0.5 0.1 <0.8 <0.2 f
CARP RIVER 0F 1 0.7 0.06 <0.3 1.3 6.0 <0.02 0.6 <0.8 0.4 <L0
F 1 0.7 f <0.3 f 1.2 0.5 <0.8 <0.2 f
PRESQUE ISLE UF 1 0.7 0.05 <0.3 0.9 7.0 <0.02 0.3 <0.8 <0.3 <1J
F 1 0.6 f f 0.5 <0.5 f <0.8 <0.2 f
HUNISING UP 1 0.8 0.06 0.5 1.7 8.6 <0.02 0.7 <0.8 0.4 <2J
F 1 0.7 <0.03 <0.4 0.6 1.7 f <0.8 <0.2 <1.0
GRAND HARAIS UF 2 0.4 SJ
0.8(8) 0.27(8) <0.3(8) 1.9(8) 5.2(8) <0.03 0.4(8) <0.8(9) <0.6(8) <L7(m
F 2 <0.4 <1.6 <1.7 0.4 <4.0
0.7(3) 0.17(3) (1.0(3) <1.0(3) <0.7(3) <0.05(3) <0.8(3) <0.2(3) <10(”
HHITEFISH POINT UF 1 0.8(5) 0.08(5) 0.4(5) 1.8(5) 10.3(5) <0.04 0.5(5) <0.9(5) 0.4(5) 2.46)
F .1 0.7(2) 0.03(2) <0.3(2) <1.6(2) 1.5(2) f <0.8(2) <0.2(2) 0.70)
CASCADE RIVER UF+F 20 7.7 0.05 4.6 0.22 2.0 5.5 0.4
<1.0 <0.01 <0.3 1.5 12.9 <0.10 0.08 <1.0 <0.1 3d
GOOSEBERRY RIVER UF+F 22 3.9 <0.05 3.5 0.17 3.5 <0.2
<1.0 <0.01 <0.2 1.7 91 <0.10 4.0 <1.0(21) <0.1 6i
DULUTH 02+? 24 3.1 0.22 4.0 0.15 6.3 4.5
<1.0(23) <0.01 <0.3 1.5(23) 127 <0.10 4.6(23) <1.0 <0.1 IOJ
MINNESOTA POINT UF 2 f 2 10 15 420 0.3 f 10 10 280
MIDDLE RIVER UP 2 f 2 3O 10 500 0.3 f 10 10 20
ASHLAND UF 2 f 2 10 6 21.0 0.3 f 10 1o 10
SAXON mum us 2 f 2 20 7 120 0.3 f 10 10 10
a. HP: unfiltered; F: filtered (0.1 um membrane); UP+F= mean includes both sample types.
b. For Michigan data, each UP sample (n) represents a composite of three individual samples.
C-
If the
Buﬂber
0f Sam
ple is
differ
ent f
rom n
shown,
the to
tal nu
mber
of in
dividu
al sam
ples
is sho
wn in
bracke
ts af
ter th
e ind
umu
result for the parameter.
d. If two values are shown, a mean could not be obtained and the range is shown.
e. Michigan DataA-mercury analysis was carried out on a single unfiltered sample for each location.
f. Data not available.
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TABLE 4.1-6
‘
HEAVY
METALS
IN
SURF ICIAL
SEDIMENTS
OF
LAKE
SUPERIOR
~ I
__ PARAMETERSa’b
sample Zinc Cadmium Lead Mercury Copper Chromium Nickel Iron
Location Size lug/k8 Ins/kg mg[ kg mg/kg mg/kg lug/kg nag/kg Z
SEGMENT A 10 54.31344 1.03:0.03 24.121134 003310.027 26.7:17.6 26.91150 21.01114; 1.60:0.70
10.2-105 1.00-1.05 6.5—47.1 0.006—0.072 2.8-55.0 3.7—45.4 2.8-36.2 0.42-2.36
SEGKBNT B 3 67-2144-5 020410.388 39.71323 38.1:16.7 29.8:ll.9 1.77:0.814
27.0-150 <1.00—3. 10 <8.0-62.2 0.026—1.160 13.3-92.0 18.9-65.9 17.1—49.6 0.94-2.10
SEGMENT C 5 Bio-6121.4 004710.041 37.03113 45.43132 41.9:6J4 2.97:0.22
53.9-109 <1.00 <8.0-30.0 0.001—0.089 23.3-54.3 30.3-65.4 34.6-51.0 2.73—3.30
PENINSULA HARBOUR 10 49.61237 6.10:12.02 33.71121
23.6—98.6 <1.00-3.00 <7.3-25.6 0.01-38.5o 19.8-63.0
JACKFISH BAY 6 76.6:3I.7 20.41105 027910.268 53.2:16.l
48.6—92.6 <1.00 13.6-39.6 o.027-0.746 36.6—73.5
111mm 1m 2 68.4:44.7 0.08310036 50.5:13.4 51.11173 45.918.9 2.6610.08
36.8—100 <1.00 <8.0-27.8 0.062-0.113 41.0—60.0 38.9-63.3 39.6—52.2 2.60—2.72
smcx DAY 3 62.9137.9 16.91130 0034:0015 36.3:23.8 38.11185 33.21215 2.14:1.20
24.2-100 <1.00.1.6s 7.3—32.9 0.020-0.oso 10.2-56.8 16.8—50.2 21.8-49.4 0.81-3.13
mm BAY 4 76.0:14.0 2.19:0.51 0046:0040 29.21101 37.9:5.7 33.1144 3.11:0.55
65.6—96.6 1.93-2.96 <s.0 0.015-0.104 16.3-55.2 31.5—43.1 28.6-37.5 2.51-3.83
SEGMENT F 3 15.1:12.9 09710.27 6.014.!) 002510.022 4514.7 9.0132 8.2:5.9
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01112001012000 1m 1
62.0 6.0 32.0 0.16 24.0 26.0 20.0
SEGMENT c 2 30.010 1.010 10.010 0.00210 8.9:0 23.010 15.010
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0
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TABLE 4.1-7
P
C
B
’
s
A
N
D
P
E
S
T
I
C
I
D
E
S
IN
S
E
D
I
M
E
N
T
S
F
R
O
M
L
A
K
E
S
U
P
E
R
I
O
R
       
 
LO
CA
TI
ON
CO
NC
EN
TR
AT
IO
N
IN
0
/k
ga
n
PC
B
DD
E
DD
D
DD
T
Se
gm
en
t
A
10
Mi
n.
b
b
b
b
Ma
x.
<1
0
4.
2
2.
7
1.
3
Mean 1.3
Std.Dev. 1.5
Se
gm
en
t
B
8
Mi
n.
b
b
b
b
Ma
x.
25
0
3.
6
3.
2
0.
8
Mean
Std.Dev.
Se
gm
en
t
C
5
Mi
n.
b
0.
2
0.
4
0.
5
Ma
x.
<1
0
1.
0
0.
5
1.
0
Me
an
0.
5
0.
5
0.
8
St
d.
De
v.
0.
3
0.
1
0.
2
Pe
ni
ns
ul
a
Ha
rb
ou
r
10
Mi
n.
10
c
c
c
Max. 6500
Mean 924
Std.Dev. 2000
Ja
ck
fi
sh
Ba
y
6
Mi
n.
b
b
b
b
Max. 100
Mean
Std.Dev.
Ni
pi
go
n
Ba
y
2
Mi
n.
b
0.
9
0.
7
1.
0
Max. 3.4 2.3 1.1
Mean 2.2 1.5 1.1
Std.Dev. 1.8 1.1 0.1
Bl
ac
k
Ba
y
3
Mi
n.
b
1.
0
b
b
Max. 11.0 4 3
Mean 6.3
Std.Dev. 5.0
Pi
ne
Ba
y
4
Min
.
b
b
b
b
Max.
Mean
Std.Dev.
a.
If
me
an
an
d
st
an
da
rd
de
vi
at
io
n
ar
e
no
t
sh
ow
n,
th
en
le
ss
th
an
(<)
va
lu
es
we
re
fo
un
d
fo
r
mo
re
th
an
15%
of
th
e
sa
mp
le
s.
c. No data
No detectable concentration
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PCB
levels
were
found
to
be
extremely
low.
Out
of
28
samples,
only
three
had measurable levels,
seven showed
trace amounts
below the
sensitivity
limit
of
the
test,
and
18 did not
have
any
detectable
PCB
concentration.
PCB's
are
very
sparingly
soluble
in
water
but
areextremely
persistent
in
the
environment.
They
can
be
transmitted
readily
through
the food
chain.
The measurable
levels occurred in the vicinity
of
Marathon
where
a maximum
concentration
of
250
ug/kg
was
found.
PCB's
in
Whitefish from
this
area
exceeded allowable
limits
for human
consumption.
A
local
pulp
producing
industry
is the probable
source.
The
heavy
metalanalyses
for sediment
samples
collected
in
the
nearshore waters
included determinations for mercury,
lead, copper,
chromium, cadmium, zinc, nickel, and iron. Various workers have demonstrated
a requirement of aquatic plants for these substances in low concentrations.
In higher concentrations, however, they become toxic to the aquatic
system. There is a lack of information on levels at which heavy metals
seriously affect the biota.
From an examination of Table 4.1—6, it is evident that the sediments
near localized centres of population and industrialization showed some-
what higher levels of accumulation of heavy metals than the non-industrialized
areas. The heavy metal levels in the undeveloped areas reflect natural
levels due to soil weathering and geochemical processes, although it is
possible that they may be secondarily affected by the transport of
sediment from the industrial areas.
Significant mercury contamination of sediments compared to the
background levels in adjacent nearshore areas was observed in Peninsula
Harbour, and is attributed to past mercury losses from a chlor—alkali
plant in the area. The sediment sampling locations in this special
stud
y an
d co
ncen
trat
ions
of m
ercu
ry a
re c
onta
ined
in a
sepa
rate
repo
rt
(7).
In
Wis
con
sin
wat
ers
, s
edi
men
t s
amp
les
fro
m f
our
loc
ati
ons
wer
e
analyzed for heavy metals. Samples from stations outside Duluth—Superior
Har
bor
, t
he
Iro
n R
ive
r,
and
the
Mon
tre
al
Riv
er
con
tai
ned
low
con
cen
—
tra
tio
ns
of
met
als
.
Sed
ime
nts
fro
m a
sta
tio
n i
n C
heq
uam
ego
n B
ay,
how
eve
r,
con
tai
ned
hig
h c
onc
ent
rat
ion
s o
f m
eta
ls
com
par
ed
to
the
bac
kgr
oun
d
lev
els
in
the
nea
rsh
ore
are
as.
The
se
mat
eri
als
wer
e p
res
uma
bly
dis
cha
rge
d
by upstream industries.
Du
ri
ng
th
e
st
ud
y
pe
ri
od
,
no
se
di
me
nt
sa
mp
le
s
we
re
ta
ke
n
in
Mi
nn
es
ot
a
wa
te
rs
.
Th
e
se
di
me
nt
s
fr
om
th
e
im
pa
ct
ed
lo
ca
ti
on
s
in
Mi
ch
ig
an
wa
te
rs
ha
d
ve
ry
lo
w
le
ve
ls
of
pe
st
ic
id
es
,
PC
B'
s,
me
ta
ls
,
nu
tr
ie
nt
s
an
d
ch
em
ic
al
ox
yg
en
de
ma
nd
(C
OD
).
In
Mu
ni
si
ng
Ba
y,
ho
we
ve
r,
al
l
sa
mp
le
s
ha
d
el
ev
at
ed
le
ve
ls
of
di
et
hy
lh
ex
yl
ph
th
al
at
e
(1
40
0
to
41
00
ug
/k
g)
,
he
xa
ne
—e
xt
ra
ct
ab
le
oi
ls
an
d
gr
ea
se
(1
50
0
to
61
,0
00
mg
/k
g)
,
an
d
co
pp
er
(7
.2
to
15
0
mg
/k
g)
.
Le
ve
ls
of
to
ta
l
Kj
el
da
hl
ni
tr
og
en
,
CO
D,
vo
la
ti
le
so
li
ds
,
le
ad
,
an
d
zi
nc
at
th
is
lo
ca
ti
on
we
re
ab
ov
e
th
e
EP
A
dr
ed
ge
sp
oi
l
di
sp
os
al
gu
id
el
in
es
.
(A
pp
en
di
x
C)
.
Th
e
on
ly
ot
he
r
lo
ca
ti
on
to
ha
ve
el
ev
at
ed
se
di
me
nt
co
ns
ti
tu
en
ts
Wa
s
Up
pe
r
Po
rt
ag
e
En
tr
y,
wh
ic
h
ha
d
co
pp
er
co
nc
en
tr
at
io
ns
ra
ng
in
g
fr
om
82
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 to
28
0
mg
/k
g.
T
h
e
s
e
h
i
g
h
c
o
p
p
e
r
l
e
V
e
l
s
ar
e
a
t
t
r
i
b
u
t
e
d
to
pa
st
c
o
p
p
e
r
mi
ll
ta
il
in
gs
di
sc
ha
rg
es
.
AQUATIC BIOLOGY
B
i
o
l
o
g
i
c
a
l
c
o
m
m
u
n
i
t
i
e
s
re
ac
t
m
e
a
s
u
r
a
b
l
y
to
s
ub
t
l
e
c
h
a
n
g
e
s
in
w
a
t
e
r
qu
al
it
y,
th
er
eb
y
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in
g
an
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se
ss
me
nt
of
wa
te
r
qu
al
it
y
in
te
gr
at
ed
ov
er
ti
me
.
Lo
ng
—t
er
m
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en
ds
,
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an
ge
s
in
wa
te
r
qu
al
it
y,
be
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me
de
te
ct
ab
le
an
d
qu
an
ti
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ab
le
an
d
th
er
eb
y
co
mp
le
me
nt
wa
te
r
ch
em
is
tr
y
studies.
Th
e
pr
es
en
t
st
ru
ct
ur
e
an
d
co
mp
os
it
io
n
of
ph
yt
op
la
nk
to
n,
zo
op
la
nk
to
n,
an
d
be
nt
hi
c
ma
cr
oi
nv
er
te
br
at
e
co
mm
un
it
ie
s
in
th
e
ne
ar
sh
or
e
wa
te
rs
of
La
ke
Su
pe
ri
or
,
wh
e
n
co
mp
ar
ed
wi
th
pa
st
da
ta
,
yi
el
d
es
ti
ma
te
s
of
pr
es
en
t
wa
te
r
qu
al
it
y
an
d
re
ce
nt
wa
te
r
qu
al
it
y
tr
en
ds
.
An
al
ys
is
of
th
e
po
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ut
io
n
to
le
ra
nc
e
of
in
di
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to
r
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ec
ie
s
in
di
ca
te
s
th
e
tr
op
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c
st
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us
or
en
ri
ch
me
nt
of
th
e
wa
te
r
bo
dy
.
Ad
di
ti
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al
ly
,
ba
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ia
le
ve
ls
an
d
th
e
pr
es
en
ce
of
to
xi
c
ma
te
ri
al
s
in
fi
sh
ti
ss
ue
po
in
t
ou
t
ar
ea
s
wh
er
e
in
pu
ts
ma
y
be
po
te
nt
ia
ll
y
ha
za
rd
ou
s
to
hu
ma
n
he
al
th
.
MICROBIOLOGY
Th
e
ba
ct
er
io
lo
gi
ca
l
qu
al
it
y
of
La
ke
Su
pe
ri
or
ne
ar
sh
or
e
wa
te
rs
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s
be
en
ex
te
ns
iv
el
y
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d
(6
,3
7—
40
).
Di
ff
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en
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al
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es
we
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ed
wh
i
c
h
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of
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e
re
gi
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s.
Se
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ed
da
ta
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i
c
h
ch
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ac
te
ri
ze
th
e
wa
te
rs
ar
e
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ar
iz
ed
in
Ta
bl
es
4.1—8, 4.1—9 and 4.1—10.
ONTARIO
On
ta
ri
o
da
ta
fr
om
se
gm
en
ts
A,
B,
an
d
C,
Pe
ni
ns
ul
a
Ha
rb
ou
r,
Ja
ck
fi
sh
Ba
y,
Bl
ac
k
Ba
y,
Ni
pi
go
n
Ba
y,
an
d
Pi
ne
Ba
y
in
di
ca
te
hi
gh
ba
ct
er
io
lo
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ca
l
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al
it
y
ex
ce
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re
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ed
lo
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li
ze
d
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ea
s
(6
,4
1)
.
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ta
l
co
li
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rm
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un
ts
we
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lo
we
st
in
th
e
sp
ri
ng
an
d
hi
gh
es
t
in
th
e
fa
ll
(T
ab
le
4.
1—
8)
.
Mi
ch
ip
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ot
en
Ha
rb
ou
r
in
se
gm
en
t
A
an
d
Pe
ni
ns
ul
a
Ha
rb
ou
r
in
se
gm
en
t
B
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ve
el
ev
at
ed
to
ta
l
co
li
fo
rm
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un
ts
wh
ic
h
ap
pr
oa
ch
Ag
re
em
en
t
ob
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ct
iv
es
.
Ba
tc
ha
wa
na
Ba
y
(s
eg
me
nt
A)
,
du
ri
ng
Au
gu
st
-S
ep
te
mb
er
,
ha
s
de
ns
it
ie
s
ra
ng
in
g
f
r
o
m
10
0
to
99
9
co
un
ts
/1
00
mk
.
Th
es
e
le
ve
ls
m
a
y
ha
ve
be
en
du
e
to
th
e
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se
d
re
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ti
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e
of
th
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ar
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du
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ng
th
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od
(4
1)
.
To
ta
l
co
li
fo
rm
de
ns
it
ie
s
th
ro
ug
ho
ut
th
e
st
ud
y
pe
ri
od
we
re
highest in segment B.
Fe
ca
l
co
li
fo
rm
co
un
ts
at
al
l
st
at
io
ns
,
ex
ce
pt
on
e
st
at
io
n
ne
ar
Pe
ni
ns
ul
a
Ha
rb
ou
r,
ha
d
ge
om
et
ri
c
me
an
s
<1
00
co
un
ts
/1
00
m2
(T
ab
le
4.
1-
9)
.
Ne
ar
ly
80
%
of
al
l
st
at
io
ns
ha
d
me
an
s
<1
co
un
t/
10
0
m2
wi
th
no
se
as
on
al
or
geographic trends apparent.
Fe
ca
l
st
re
pt
oc
oc
ci
de
ns
it
ie
s
in
On
ta
ri
o'
s
ne
ar
sh
or
e
wa
te
rs
we
re
lo
w,
ex
ce
pt
in
Ba
tc
ha
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na
Ba
y
(S
eg
me
nt
A)
,
wh
er
e
el
ev
at
ed
co
un
ts
oc
cu
rr
ed
du
ri
ng
Au
gu
st
an
d
Se
pt
em
be
r
(T
ab
le
4.
1—
10
).
Du
ri
ng
th
is
pe
ri
od
,
de
ns
it
ie
s
 
 TABLE 4.1-8
TOTAL COLIFORM DENSITIES IN THE SURFACE WATERS OF LAKE SUPERIOR, 1973 AND 1974a
LOCATION
P
E R
C E N
T
0
F
S A
M P
L E
S
I N
C O U
N T
R A N
G
E
ONTARIO
JUNE - JULY
1973
AUGUST - SEPTEMBER,
1973
OCTOBER - NOVEMBER,
1973
<
1
2—99
100—999
31000
E;
2 — 99
100 — 999
—_1
2 — 99
100 — 999
Segment
A
72
21
7
54
21
25
89
11
Segment
B
42
50
8
34
50
16
6
61
33
Segment
C
70
30
80
20
22
78
Jackfish
Bay
14
43
43
Peninsula
Harbour
6O
20
20
Black
Bay
22
45
33
Pine
Bay
25
50
25
Nipigon
Bay
50
50
67
33
 
70
30
 
MINNESOTA
SEPTEMBER
-
OCTOBER,
1974
<
2
2
-
99
100
-
999
Segment
D
(Cascade
R.)
42
54
4
Segment
E
(Gooseberry
R.)
39
61
1
5
5
WISCONSIN
JUNE,
1974b
SEPTEMBER,
1974
<100
100 — 999
21000
<100
100 - 999
segment F
27
68
5
100
Segment
G
74
26
14
86
Mbntreal
River
76
12
12
  
MICHIGAN
JUNE,
1974
AUGUST
-
SEPTEMBER,
1974
<100
100
-
999
:1000
<100
100
—
999
:1000
Segment
H
86
14
65
21
14
Ontonagon
92
8
29
36
36
Segment
I
100
100
Segment
J
100
61
39
Lower
Portage
Entry
25
75
87
13
Presque
Isle
29
71
100
Carp
River
93
7
51
29
21
Munising
14
65
21
21
64
15
a.
Data
for
Ontario
(40,
41),
Minnesota
(12),
Wisconsin
(14),
and
Michigan
(15)
summarized
from
specific
project
reports.
All
analyses
by
Millipore
filter
method,
except
Minnesota
(most
probable
number
technique).
b.
June
percentages
averaged
Membrane
Filter
(MF)
counts/100nﬂ,with
standard
plate
(SP)
counts/100
ml.
  
1
5
6
 
TA
BL
E
4.
1-
9
FEC
AL
CO
LI
FO
RM
DE
NS
IT
IE
S
IN
THE
SU
RF
AC
E
WA
TE
RS
OF
LAK
E
SUP
ERI
OR,
197
3
AND
197
4a
LOCATION
ONT
ARI
O
 
Se
gm
en
t
A
Segment B
Segment C
Jac
kfi
sh
Bay
Peninsula
Harbour
Black
Bay
Pine Bay
Nipigon Bay
P
E
R
C
E
N
T
0
F
S
A
M
P
L
E
S
I
N
C
0
U
N
T
JUN
E
- J
ULY
,
197
3
AUG
UST
—
SEP
TEM
BER
,
197
3
OCT
OBE
R
— N
OVE
MBE
R,
197
3
E1
2 —
99
100
—
199
E1
2 -
99
100
-
199
§;_
_
2 —
99
95
5
98
2
96
A
89
11
81
16
3
9A
6
100
100
100
57
43
67
17
17
100
R A N G E
100
10
0
10
0
88
12
MINNESOTA
Segment D (Cascade R.)
segmen
t E (G
oosebe
rry R.
)
SE
PT
EM
BE
R
-
OC
TO
BE
R,
19
74
:1
9.
10
0
100
WISCONSIN
Segme
nt F
Segme
nt G
Montreal River
 
JU
NE
,
19
74
b
OC
TO
BE
R,
19
74
<10
10
- 9
9
<10
10
— 9
9
48
52
100
92
8
100
88
12
88
12
  
MICHIGAN
Segme
nt H
On
to
na
go
n
Segment I
Segme
nt J
Lower
Porta
ge E
ntry
Presque Isle
Carp
River
Muni
sing
a.
Dat
a f
or
Ont
ari
o
(40
,
41)
, M
inn
eso
ta
(12
),
Wis
con
sin
(14
),
and
Mic
hig
an
(15
) s
umm
ari
zed
fro
m s
pec
ifi
c p
roj
ect
All
ana
lys
es
by
Mil
lip
ore
Fil
ter
met
hod
, e
xce
pt
Min
nes
ota
(mo
st
pro
bab
le
num
ber
tec
hni
que
).
June perc
entages a
veraged M
embrane F
ilter (MP
) counts/
IOOmSL wi
th standa
rd plate
(SP) coun
ts/100 m2
.
reports.
b.
JU
NE
,
19
74
AU
GU
ST
—
SE
PT
EM
BE
R,
19
74
<10
10
—
99
<10
10
—
99
100
-
199
93
7
93
7
100
50
36
7
7
100
100
100
100
100
100
100
100
100
79
7
14
50
50
79
21
22
00
u. u
uuc: c
hucqu
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hLdBc
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TAB
LE
4.1
-10
FECAL STREPTOCOCCI DENSITIES IN SURFACE WATERS OF LAKE SUPERIOR, 1973 AND 1974a
LOCATION
P E R C E N T O F
S A M P L E S
I N
C O U N T R A N G E
O
N
T
A
R
I
O
 
JUNE 4 JULY, 1973 AUGUST — SEPTEMBER, 1973 OCTOBER — NOVEMBER, 1973
<
<
> <
-1 2 — 19 20 - 99 —1 2 — 19 20 — 99 -100 -1 2 — 19
segment A
85
15
75 12
3
10
85
15
Segment B
84
14
2
92
8
88
12
Segment
c
90
10
100
72
28
Jackfish
Bay
29
29
43
Peninsula
Harbour
50
50
Black Bay
100
Pine
Bay
N
i
p
i
g
o
n
B
a
y
83
17
  
50
50
100
88
12
1
5
7
W
I
S
C
O
N
S
I
N
JUNE,
1974
<1
10 - 19
20 - 99
Segment
F
40
4O
20
Segment
G
83
11
6
M
I
C
H
I
G
A
N
JUNE, 1974
AUGUST - SEPTEMBER, 1974
<10 10 — 19 20 — 99 :100
<10 10 - 19 2100
Segment
H
71
29
93
7
Ontonagon
83
17
35
14
Segment
I
100
100
Segment
J
100
100
L
o
we
r
P
o
r
t
a
g
e
E
n
t
r
y
100
100
Presque
Isle
80
20
100
Carp
River
100
72
14
14
MuniSing
14
21
50
14
100
Data
for
Ontario
(40,
41),
Wisconsin
(14),
and
Michigan
(15)
summarized
from
specific
project
reports.
a
.
 fr
eq
ue
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 WISCONSIN
Wisconsin nearshore segments F and G and locations at the mouth of
the Brule, Bad, and Montreal Rivers had fecal coliform and fecal streptococci
densities <10 counts/100 m2 at all but four stations with little variability
between surface and bottom bacterial densities (14). Slightly elevated
fecal streptococci counts (20—40/100 m2) were observed at some stations
off the Middle, Brule, Iron, and Bad Rivers. Only harbours and river
mouths had fecal coliform and fecal streptococci counts exceeding the
detection limits of 10 counts/100 m2. Two stations near the Brule River
and adjacent nearshore areas suggested a localized river influence on
the lake (14).
MICHIGAN
The majority of samples collected in Michigan nearshore segments H,
I, and J and around Isle Royale had total coliform, fecal coliform, and
fecal streptococci densities below the measurable limits (15).
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TabeZZaria,
CycloteZZa,
Synedra
MéZosira islandica,
MéZosira granulata
Microcystis pulverea,
Spirulina okensis
Coomonas acuta, Cryptomonas erosa,
Cryptomonas
marsonii
Tabe Z Zamla
fenes tram,
As temﬁone Z Za
fbrmosa,
Rhizsosolenia
oriensis,
Fra—
geZaria
crotonensis
Aphanothece
spp.,
Chroococcus
spp.
Dinobryon
spp.
cryptomoras
erosa,
Rhodomonas
minuta
Wisconsin
(14),
and
Michigan
(15)
are
 
COMMENTS
CycloteZZa spp. was generally
the dominant algae.
Was abundant only
in Whitefish Bay.
Often R. minuta w
as themost abun—
dant species.
AsterioneZZa or MbZosira dominated
all samples.
M. pulverea was dominant at all
stations
on a
cell/litre
basis.
C.
acuta
and
C.
erosa were
the
most
abundant
species
on
an
organism/litre
basis.
F.
crotonensis
was
the
most
abundant
at
all
locations.T.
fenestrata,
A.
formosa
were
important
during
spring
and
early
summer.
summarized
from
specific
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ONTARIO
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n
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p
l
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u
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i
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6
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h
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c
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p
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c
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f
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p
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B
l
u
e
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g
r
e
e
n
a
l
g
a
e
a
n
d
t
h
e
c
h
r
y
s
o
p
h
y
t
e
,
D
i
n
o
b
r
y
o
n
s
p
p
.
,
c
o
n
t
r
i
b
u
t
e
d
s
u
b
s
t
a
n
t
i
a
l
l
y
t
o
t
h
e
f
l
o
r
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d
u
r
i
n
g
t
h
e
l
a
t
e
s
u
m
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e
r
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n
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e
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r
l
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l
l
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o
n
t
h
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C
r
y
p
t
o
p
h
y
t
e
s
w
e
r
e
r
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r
e
l
y
i
d
e
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t
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i
e
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G
r
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i
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c
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p
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p
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e
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i
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e
d
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e
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t
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n
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c
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p
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p
e
a
k
s
o
c
c
u
r
r
e
d
l
a
t
e
r
i
n
t
h
e
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i
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c
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c
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p
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c
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p
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p
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c
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c
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c
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p
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p
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c
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b
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c
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b
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ZOOPLANKTON
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(
4
8
)
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c
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 MICHIGAN
The
abundant
or
common
rotifers
found
in
Michigan's
nearshore
waters
are presented
in Table
4.1—12
(15).
Rotifers and
crustaceans
were most
abundant
at
stations
located
closest
to shore
or at
river
mouthS.
They were least abundant in the Isle Royale area and most
abundant at the Carp River in the spring.
There is no apparent seasonal
difference in abundance.
The relative proportion of calanoid copepods to cladocerans plus
rotifers may be a useful ratio to assess changes in the trophic state of
the Great Lakes (52). Lower Portage Entry was the only location which
did not have at least a ratio of 1.0 in spring samples, which may indicate
enrichment in the Lower Portage area.
The waters around Isle Royale are different from other Michigan
nearshore waters. The densities of zooplankton at Isle Royale are lower
and the percentage of calanoid copepods is reduced below corresponding
mainland values. Excluding Isle Royale, data indicate that Michigan's
nearshore Lake Superior waters are subject to enrichment during late
summer. This is apparently a characteristic of nearshore waters which
occurs as a result of warmer water and proximity to land and its runoff
rather than a pollution problem. Schelske and Roth (29) also noted a
lower ratio of calanoids to other zooplankton in Lake Superior bays than
in the lake's open water.
WISCONSIN
Wisconsin waters were sampled in segments F and G and at the mouths
of the Brule, Bad, and Montreal Rivers (13,14). The zooplankton populations
off the Wisconsin shore are indicative of unproductive, oligotrophic
wate
rs.
Gene
rall
y,
Kera
tell
a ma
de u
p th
e gr
eate
st p
orti
on o
f th
e ro
tife
rs
in W
isco
nsin
wate
rs.
The
crus
tace
an p
opul
atio
ns w
ere
domi
nate
d by
cop
epo
ds
whi
ch
wer
e a
t l
eas
t t
wof
old
mor
e a
bun
dan
t t
han
the
cla
doc
era
ns.
The
onl
y W
isc
ons
in
are
a w
her
e c
lad
oce
ran
s o
utn
umb
ere
d t
he
cop
epo
ds
was
0.7 km offshore of Washburn.
MINNESOTA
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es
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a
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te
rs
we
re
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le
d
of
f
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e
mO
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hs
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e
Go
os
eb
er
ry
an
d
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sc
ad
e
Ri
ve
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(1
2)
.
Th
e
ro
ti
fe
rs
,
C.
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an
d
K.
Zo
ng
ts
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un
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a
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ar
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e
wa
te
rs
,
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t
th
e
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pu
la
ti
on
s
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ar
se
re
la
ti
ve
to
th
e
so
ut
h.
sh
or
e
an
d
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le
Ro
ya
le
.
Th
is
ma
y
in
di
ca
te
lo
we
r
productivity along the north shore.
S
e
n
e
c
e
Z
Z
a
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no
id
es
,
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d
ol
ig
ot
ro
ph
ic
re
li
ct
sp
ec
ie
s,
w
a
s
th
e
m
o
s
t
ab
un
da
nt
cr
us
ta
ce
an
zo
op
la
nk
to
n,
bu
t
ag
ai
n
th
e.
po
pu
la
t1
0n
s
we
re
sp
ar
se
,
in
di
ca
ti
ng
lo
w
pr
od
uc
ti
vi
ty
in
th
is
ar
ea
of
La
ke
Su
pe
ri
or
.
s
c
a
d
e
h
a
d
7
0
%
c
a
l
a
n
o
i
d
f
e
w
e
r
s
p
e
c
i
e
s
,
a
n
d
e area to Be less
G
o
o
s
e
b
e
r
r
y
h
a
d
5
0
%
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a
l
a
n
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p
e
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o
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e
l
o
w
e
r
n
u
m
b
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l
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k
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o
n
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r
do
mi
na
nc
e
of
ca
la
no
id
s
in
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e
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4
LOCATION
M
I
C
H
I
G
A
N
W
I
S
C
O
N
S
I
N
MINNESOTA
GROUP
R
o
t
i
f
e
r
s
C
r
u
s
t
a
c
e
a
n
s
Rotifers
Protozoans
R
o
t
i
f
e
r
s
Crustaceans
TA
BL
E
4.
1-
12
GEN
ERA
OR
SPE
CIE
S
 
ABUND
ANT O
R COM
MON Z
OOPLA
NKTON
IN NE
ARSHO
RE LA
KE SU
PERIO
R WAT
ERSa
CO
MM
EN
TS
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pl
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ra
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ra
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no
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min
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ong
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min
utu
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eg
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cy
cl
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tu
s
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va
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Ep
is
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ur
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och
ilu
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a c
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ur
ge
ne
ra
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c
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t
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s.
Th
e
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he
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a
.
D
a
t
a
f
o
r
M
i
c
h
i
g
a
n
(
1
5
)
;
Wi
sc
on
si
n
(14
),
an
d
Mi
nn
es
ot
a
(12
)
su
mm
ar
iz
ed
fr
om
sp
ec
if
ic
pr
oj
ec
t
re
po
rt
s.
 
 enriched. However, the water quality at both locations was good.
ONTARIO
The zooplankton of Ontario nearshore waters were investigated only
as part of a special study in Nipigon Bay (53). Areas of the bay, both
within and beyond the influence of a paper mill plume were sampled to
determine zooplankton abundance. Intensive sampling in the immediate
vicinity of the discharge revealed no plankters. Results indicated that
some zooplankters such as Bosmina Zongirostris are more tolerant of this
type of waste discharge than others.
Similar densities of B. Zongirostris appeared in both nearshore
contaminated and uncontaminated waters. Reduction in abundance of
Cyclops 8p. and Daphnia sp. at the shallower stations could be attributed
to species specific preference for deeper water. It should be noted,
however, that both species were least abundant at stations located
within the plume.
Laboratory experiments were undertaken to assess the impact of the
effluent on filtering rates (feeding activity) of Daphnia retrocurva.
A s
ign
ifi
can
t d
epr
ess
sio
n o
f t
he
fil
ter
ing
rat
es
occ
urr
ed
in
5 a
nd
10%
effluent concentrations.
It
wou
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see
m
unl
ike
ly
tha
t
a s
ign
ifi
can
t
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tio
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f
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pop
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n
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zoo
pla
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in
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igo
n
Bay
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exc
ept
tho
se
ver
y n
ear
the
dis
cha
rge
ch
an
ne
l,
wo
ul
d
en
co
un
te
r
hi
gh
co
nc
en
tr
at
io
ns
for
su
st
ai
ne
d
pe
ri
od
s
of
time.
BENTHOS
A
li
mi
te
d
am
ou
nt
of
be
nt
hi
c
li
te
ra
tu
re
is
av
ai
la
bl
e
fo
r
La
ke
Su
pe
ri
or
.
Hi
lt
un
en
(5
4)
,
Ad
am
s
an
d
Kr
eg
ea
r
(5
5)
,
an
d
Sc
he
ls
ke
an
d
Ro
th
(2
9)
fo
un
d
be
nt
hi
c
fa
un
al
as
se
mb
la
ge
s
in
th
e
pr
of
un
da
l
zo
ne
of
La
ke
Su
pe
ri
or
ty
pi
ca
l
of
de
ep
,
co
ld
,
ol
ig
ot
ro
ph
ic
la
ke
s.
Ot
he
r
st
ud
ie
s
of
th
e
be
nt
ho
s
in
th
e
ne
ar
sh
or
e,
ha
rb
ou
r,
an
d
em
ba
ym
en
t
ar
ea
s
ha
ve
be
en
co
nd
uc
te
d
pr
im
ar
il
y
to
as
se
ss
th
e
po
ll
ut
io
na
l
im
pa
ct
of
mu
ni
ci
pa
li
ti
es
,
pu
lp
mi
ll
in
du
st
ri
es
,
an
d
mi
ni
ng
op
er
at
io
ns
(3
9,
56
-6
1)
.
Th
es
e
st
ud
ie
s
ha
ve
sh
ow
n
th
at
so
me
ne
ar
sh
or
e
ar
ea
s
ha
ve
be
en
or
ga
ni
ca
ll
y
en
ri
ch
ed
.
Ho
we
ve
r,
th
e
va
st
ma
jo
ri
ty
of
th
e
ne
ar
sh
or
e
wa
te
rs
an
d
th
e
op
en
la
ke
ex
hi
bi
t
ol
ig
ot
ro
ph
ic
or ultra-oligotrophic conditions.
MICHIGAN
y
a
n
d
c
o
m
p
o
s
i
t
i
o
n
o
f
t
h
e
b
e
n
t
h
i
c
l
a
n
d
s
i
x
d
e
g
r
a
d
e
d
l
o
c
a
t
i
o
n
s
i
n
T
h
e
m
o
s
t
p
r
e
v
a
l
e
n
t
t
a
x
a
f
o
u
n
d
i
n
M
i
c
h
i
g
a
n
d
i
c
a
t
o
r
s
p
e
c
i
e
s
,
P
o
n
t
o
p
o
r
e
r
a
all of which
F
i
g
u
r
e
4
.
1
—
1
3
s
h
o
w
s
t
h
e
t
o
t
a
l
d
e
n
s
i
t
ma
cr
oi
nv
er
te
br
at
e
co
mm
un
it
y
at
si
x
co
nt
ro
Michigan nearshore waters (15).
ne
ar
sh
or
e
wa
te
rs
we
re
th
e
ol
ig
ot
ro
ph
ic
in
af
fi
ni
s,
He
te
ro
tr
is
so
cl
ad
iu
s
sp
p.
,
an
d
Ph
ra
cl
ad
op
el
ma
sp
p-
,
occurred at every location.
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NEARSHORE WATERS OF LAKE SUPERIOR; 1974 - Information from Reference (15)
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o
l
l
o
c
a
t
i
o
n
s
,
w
i
t
h
t
h
e
e
x
c
e
p
t
i
o
n
o
f
W
h
i
t
e
f
i
s
h
P
o
i
n
t
,
g
e
n
e
r
a
l
l
y
h
a
d
t
o
t
a
l
p
o
p
u
l
a
t
i
o
n
s
<
1
,
0
0
0
o
r
g
a
n
i
s
m
s
/
m
2
(
T
a
b
l
e
4
.
1
—
1
3
)
;
a
d
o
m
i
n
a
n
c
e
o
f
i
n
t
o
l
e
r
a
n
t
a
m
p
h
i
p
o
d
,
o
l
i
g
o
c
h
a
e
t
e
,
a
n
d
c
h
i
r
o
n
o
m
i
d
f
o
r
m
s
;
a
n
d
a
low
diversity
of
species.
T
h
e
b
e
n
t
h
i
c
c
o
m
m
u
n
i
t
y
o
f
W
h
i
t
e
f
i
s
h
P
o
i
n
t
is
d
i
f
f
e
r
e
n
t
f
r
o
m
t
h
e
c
o
m
m
u
n
i
t
i
e
s
a
t
t
h
e
o
t
h
e
r
c
o
n
t
r
o
l
locations.
T
h
e
t
o
t
a
l
p
o
p
u
l
a
t
i
o
n
at
W
h
i
t
e
f
i
s
h
P
o
i
n
t
w
a
s
a
p
p
r
o
x
i
m
a
t
e
l
y
f
o
ur
times
g
r
e
a
t
e
r
t
h
a
n
the
t
o
t
a
l
p
o
p
u
l
a
t
i
o
n
at
the
next
highest
control
location
and
was
dominated
by
the
p
o
l
l
u
t
i
o
n
t
o
l
e
r
a
n
t
oligochaete,
P
e
l
o
s
c
o
l
e
x
ferox.
This
indicates
the
area
is
organically
enriched;
the
source
is
unknown
since
the
area
is
virtually undeveloped.
The
six
impacted
locations
consisted
of
Ontonagon,
Upper
Portage
Entry,
Lower
Portage
Entry,
Presque
Isle,
Carp
River,
and
Munising.
Upper
Portage
Entry
is
affected
by
copper
mill
stamp
sand
waste
discharges
and
the
other
five
by
municipal
and/or
industrial
discharges.
Although
P.
affinis
comprised
a
substantial
portion
of
the
population,
the
total
benthic
population
at
Upper
Portage
Entry
was
substantially
lower
than
any
of
the
control
locations,
supporting
a
previous
report
(61)
that
copper
toxicity
has
reduced
the
benthic
community.
The
five
locations
affected
by
nutrient
enrichment
had
benthic
communities
differing
from
the
control
locations
primarily
in
greater
densities
of
organisms;
greater
over-all
species
diversity;
rich
assem—
blages
of
tubificids;
the
presence,
but
notnecessarily
the
dominance,
of
pollution
tolerant
forms;
and
the
reduced
abundance
of
intolerant
forms.
These
differences
indicate
that
although
these
areas
are
enriched,
the
sediments
have
not been
degraded
to
the extent that
intolerant
forms
are eliminated.
However,
there are indications that the impacted areas
are becoming
more
enriched
based
on historical data.
At
the
impacted
locations,
the percentage of P. affinis was reduced while the percentage
of oligochaetes increased.
Except for Lower Portage Entry, P. affinis
formed <10% of the total population while oligochaetes comprised >50%.
The percentages of chironomids, sphaeriids, and other taxa were not
substantially different from the control locations.
Lower Portage Entry does not show the Pontoporeia - oligochaete
shift and is dominated by the oligotrophic indicator forms, P. affinis
and Heterotrissocladius spp.
The remaining four impacted locations are
dominated by oligochaete assemblages which are diverse and highly variable
between locations.
Both pollution—tolerant and intolerant forms are
represented with no clear dominance of either group. Maximum densities
of oligochaetes were found at Munising near the mouth of the Anna River
(56,000/m2).
Based on 1968 data (39) the total number of organisms/m2 at Ontonagon,
Presque Isle Harbor, Carp River, and Munising have increased by 5.6,
1-9, 1.7, and 2.3 fold, respectively, from 1968 to 1974. In addition,
there Were shifts of the percentages of the major groups at three of the
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MAJOR TAXONOMIC GROUP ABUNDANCES 0F BENTHIC MACROINVERTEBRATES IN NEARSHORE
LAK
E S
UPE
RIO
R W
ATE
RS,
197
4a
Mean
Density Standard
(org/m2) Deviation
# of
LOCATIONS
Stations
Range
MICHIGAN
Black River
Eagle Harbor
Isle Royale
Big Bay
Grand Marais
Whitefish Point
Ontonagon
1
Lower
Portage
Entry
Presque
Isle
Carp
River
Munising
1
Upper Portage
Entry
815
963
306
760
359
3,757
2,682
1,717
2,847
1,356
10,541
134
100
214
—
216 157 ~
1,827
2,511
88 - 8
490
1,405
14,719
87
113 -
+
l
+
|
+
|
+
1
+
l
+
l
+
|
+
|
+
l
+
l
H
a
m
m
m
m
m
q
r
x
m
m
q
WISCONSIN
Middle River
Brule River
Iron
River
Point Detour
Hermit
Island
Bayfield
Chequamegon
Bay
Bad
River
Saxon Harbor
420
679
108
689
2,098
3,8
16
4,286
1,560
2,023
+
|
+
|
+
|
289
v
-
d
v
—
‘
v
-
{
P
-
‘
d
e
m
N
H
MINNESOTA
Gooseberry
River
7
Cascade
River
2
2,528
1,599
+
|
+
|
1,598
ONTARIO
 
Black Bay
9
843 +
469
344
773
213 -
1,
1,727
-
5.
1,158 — 2,
2,751
525 — 8,
562
- 4
,
1,462
— 56,
4,852
839 -
9.
3,268 581 ~ 6,
1,365
— 1,
3,112
140 - 8,
520 — 2,
l,
41
2
306
587
269
00
8
278
83
2
475
65
2
247
415
757
765
868
695
700
Mean
No.
Pont
opor
e
affinis/mz chaete/m2 nomid/m
196
716
181
165
30
853
67
426
261
2
5
900
29
22
9
7
1,112
2,597
1,715
4
7
344
126
160
506
Mean No.
ia Oligo~
30
3
13
5
2
32
6
177
2,028
2,126
39
2
1,535
695
7,275
227
4
1
475
336
857
1,4
57
62
53
8
1,4
92
1,167
0
Mean No.
Chi
ro—
234
215
44
213
148
30
4
472
575
853
62
8
97
4
100
193
68
86
96
105
16
8
857
1,4
35
1,141
885
256
7
6
2
 
Mean No.
Sphae—
riid
/m2
76
15
3
8
4
0
1
1
0
161
109
35
7
149
545
190
86
9
3
Mean No.
Oth
er
ta
xa
/m
17
1
16
2
5
16
160
2
No
.
of
T
a
x
a
11
1
2
27
25
46
67
4
2
84
48
98
1
8
44
25
1
0
a.
Data for Ontario (10), Minnesota (12), Wisconsin (13, 14), and Michigan (15) summarized from specific project reports.
 k ,
locations.
The percentages of oligochaetes at Ontonagon, Carp River,
and Munising increased by 28, 29, and 15%, respectively, with corresponding
decreases in P. affinis,
chironomids,
and sphaeriids,
indicating a trend
of increasing enrichment.
Comparing 1957 and 1968 data, the density of
benthic organisms was about the same at Munising (56), but oligochaetes,
which comprised only 23% of the total population during 1957, had increased
to 55% in 1968 and to 69% in 1974 indicating increasing enrichment.
WISCONSIN
Wisconsin nearshore locations west of the Apostle Islands were
characterized by total populations <700 organisms/m2 and the dominance
of intolerant forms, reflecting unenriched oligotrophic conditions
(Figure 4.1—14)(14). The Apostle Islands locations had mean total
populations between 2,000 and 4,000 organisms/m2 and were dominated by
P. affinis which reached maximum densities of >6,000/m2. Although this
area was impacted by domestic waste inputs, the benthic community was
completely dominated by oligotrophic indicator benthic forms. The
influence of the waste loadings is evident onlyin the increased standing
crops. A similar benthic community was present in 1965 (54).
The total benthic community in Chequamegon Bay exceeded 4,000
‘organisms/mz and, although P. affinis was present in substantial numbers,
pollution—tolerant forms were predominant, indicating the enriched
condition of the bay. A similar benthic community was present in 1967
and
1968
(54,
62)
indi
cati
ng l
ittl
e ch
ange
over
this
time
peri
od.
A 19
68
sur
vey
fou
nd
a s
eve
rel
y d
egr
ade
d b
ent
hic
com
mun
ity
in
the
are
a o
f A
shl
and
and
a b
ent
hic
com
mun
ity
ind
ica
tiv
e o
f e
nri
che
d c
ond
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ons
in
the
res
t o
f
the bay.
Th
e
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ca
ti
on
s
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of
th
e
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tl
e
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nd
s
ha
d
to
ta
l
po
pu
la
ti
on
s
be
tw
ee
n
15
00
an
d
20
00
or
ga
ni
sm
s/
m2
an
d
po
ll
ut
io
n—
to
le
ra
nt
ch
ir
on
om
id
s
do
mi
na
te
d
th
e
be
nt
hi
c
co
mm
un
it
y,
in
di
ca
ti
ng
or
ga
ni
c
en
ri
ch
me
nt
.
MINNESOTA
Th
e
be
nt
hi
c
po
pu
la
ti
on
s
in
Mi
nn
es
ot
a
ar
e
do
mi
na
te
d
by
in
to
le
ra
nt
ol
ig
ot
ro
ph
ic
in
di
ca
to
r
or
ga
ni
sm
s
(F
ig
ur
e
4.
1—
14
).
Th
e
to
ta
l
nu
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er
s
of
or
ga
ni
sm
s/
m2
at
th
e
Mi
nn
es
ot
a
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ca
ti
on
s
we
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nt
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y
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er
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ot
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r
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nt
ro
l
ar
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s
(T
ab
le
4.
1-
13
);
ho
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r,
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th
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ca
ti
on
s
we
re
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na
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d
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in
to
le
ra
nt
fo
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s
in
di
ca
ti
ng
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te
r
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al
it
y.
ONTARIO
B
e
n
t
h
i
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s
t
u
d
i
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O
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a
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i
o
a
t
P
e
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i
n
s
u
l
a
H
a
r
b
O
u
r
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3)
,
J
a
c
k
f
i
s
h
g
a
y
(5
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,
a
n
d
N
i
p
i
g
o
n
B
a
y
(5
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,
c
o
n
d
u
c
t
e
d
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a
s
s
e
s
s
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e
e
f
f
e
c
t
s
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u
n
i
c
1
p
a
l
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d
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al
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sc
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on
th
e
aq
ua
ti
c
en
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ro
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en
t,
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un
d
aq
ua
ti
c
o
r
g
a
n
i
s
m
s
c
o
m
p
l
e
t
e
l
y
a
b
s
e
n
t
in
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e
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c
i
n
i
t
y
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e
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es
Z
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e
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,
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e
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s
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we
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un
d,
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O
r
g
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n
i
c
e
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i
c
h
m
e
n
t
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
S
e
d
i
s
c
h
a
r
g
e
s
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A
t
v
a
r
y
i
n
g
d
i
s
t
a
n
c
e
s
,
u
p
t
o
3
k
m
f
r
o
m
t
h
e
d
i
s
c
h
a
r
g
e
,
t
h
e
b
e
n
t
h
i
c
c
o
m
m
u
n
i
t
y
r
e
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n
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o
n
o
r
m
a
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FIG
URE
4. 1-
14
COMPOSITION AND DENSITY OF BENTHIC FAUNAL COMMUNITIES IN WISCONSIN;
MINNESOTA;
AND ONTARIO NEARSHORE WATERS OF LAKE SUPERIOR; 1974
Information from References (14), (12), and (10),
  
I
respectively .
 k,
being
dominated
by
P.
affinis
and
other
intolerant
forms.
Studies
at
Black
Bay,
an
unenriched
location,
showed
that
P.
affinis
is
the
dominant
organism
and
oligochaetes
are
completely
absent
(10).
METALS
AND
ORGANIC
CONTAMINANTS
IN
FISH
Excessive
levels
of
certain
metals
and
organic
contaminants
have
been
found
in
Great
Lakes
fishes.
Discovery
of
elevated
mercury
levels
in
Lake
St.
Clair
fish
led
to
a
ban
of
commercial
fishing
in
this
lake.
High
PCB's,
DDT,
and
dieldrin
in
lake
trout,
coho
salmon,
and
chubs
have
resulted
in
seizures
of interstate
shipments
of
these
species
from Lake
Michigan.
High
levels
of
DDT
and
PCB's
have
been
implicated
as
the
cause of
reduced
reproductive
success
of
fish,
fish—eating birds,
and
animals.
Guidelines or tolerance levels for various contaminants in fish
'have been set by the Canada Department of National Health and Welfare
and by the U.S. Food and Drug Administration (FDA) and objectives have
been proposed for the Water Quality Agreement. The contaminants for
which guidelines exist or have been proposed include arsenic, lead,
mercury, PCB's, aldrin, dieldrin, endrin, heptachlor epoxide, and DDT
and its metabolites. The limits are summarized in Appendix C.
Previous studies of heavy metal contamination of Great Lakes fishes,
including Lake Superior, have been reported by Lucas et a2. (64), Uthe
and Bligh (65), Beal (66), and Thommes at al. (67). Mercury in burbot
and lake trout from Lake Superior were found to exceed the 0.5 mg/kg FDA
guideline. PCB's, DDT, dieldrin, and mercury have been reported by the
Great Lakes Environmental Contaminant Survey (68). Levels of PCB's and
mercury in this survey occasionallyexceeded tolerance levels.
SAMPLING AND ANALYSIS CONSIDERATIONS
Loca
tion
s of
fish
coll
ecti
ons
and
the
spec
ies
anal
yzed
are
give
n in
Tables 4.1-14 and 4.1—15. Analyses of fish from Michigan nearshore
waters were made on skinless fillets, except the sculpins which were
eviscerated and composited. All samples were analyzed for at least DDT,
die
ldr
in,
PCB
's,
mer
cur
y,
and
up
to
17 a
ddi
tio
nal
con
tam
ina
nts
(Ta
ble
4.1—16)(15).
Sk
in
le
ss
fi
ll
et
s
of
fi
sh
fr
om
Wi
sc
on
si
n
ne
ar
sh
or
e
wa
te
rs
we
re
ana
lyz
ed
for
20
tra
ce
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tam
ina
nts
(Ta
ble
4.1
-16
)(6
9).
Ana
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es
of
fis
h
fro
m M
inn
eso
ta'
s n
ear
sho
re
wat
ers
wer
e c
ond
uct
ed
on
Who
le
fis
h,
evi
sce
rat
ed
fis
h,
and
ski
nle
ss
fil
let
s.
Sam
ple
s w
ere
ana
lyz
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for
23
tra
ce
con
tam
ina
nts
(T
ab
le
4.
1-
16
)(
70
).
Fi
sh
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s
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On
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ri
o
ne
ar
sh
or
e
wa
te
r
co
ns
is
te
d
of
50
ma
tu
re
fi
sh
of
a
si
mi
la
r
si
ze
fo
r
ea
ch
of
th
re
e
sp
ec
ie
s.
Th
e
fi
ll
et
s
we
re
co
mp
os
it
ed
in
to
10
gr
ou
ps
of
5
fi
sh
fo
r
a
gi
ve
n
sp
ec
ie
s
an
d
an
al
ys
es
we
re
co
nd
uc
te
d
fo
r
21
co
nt
am
in
an
ts
(T
ab
le
4.
1—
16
)(
71
).
MICHIGAN
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or
,
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hl
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e,
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TABLE 4.1 - 14
CO
NC
EN
TR
AT
IO
NS
(M
G/
KG
WE
T
WE
IG
HT
BA
SI
S)
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SE
LE
CT
ED
TR
AC
E
CO
NT
AM
IN
AN
TS
IN
FI
SH
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TE
D
FR
OM
NE
AR
SH
OR
E
LA
KE
SU
PE
RI
OR
WA
TE
RS
,
19
74
MICHIGAN AND WISCONSINa
           
LOC
ATI
ON
SPE
CIE
S
DDT
PCB
DIE
LDR
IN
lﬂi
RCU
RY
COP
PER
ZIN
C
LEA
D
CAD
MIU
M
MICHIGAN
Det
ect
ion
Lim
it
0.0
1
0.0
1
0.0
1
0.0
1
0.0
1
0.0
1
0.0
1
0.0
1
Whi
tef
ish
Poi
nt
Lak
e
Tro
ut
0.7
4
0.9
8
0.0
3
0.3
0
0.5
4
3.8
0
0.3
9
0.0
2
Fat
Lak
e T
rou
t
1.8
2
3.1
8
0.0
5
0.5
0
0.3
5
2.8
7
0.4
5
0.0
2
Mot
tle
d S
cul
pin
0.2
3
0.4
4
0.0
2
0.0
4
0.8
2
11.
90
1.5
0
0.0
9
Gra
nd
Mar
ais
Lak
e T
rou
t
1.0
3
1.6
1
0.0
2
0.3
9
Mot
tle
d S
cul
pin
0.1
0
0.2
9
b
0.0
3
0.6
6
11.
70
1.4
0
0.0
7
Mun
isi
ng
Her
rin
g
0.1
7
0.2
2
0.01
0.1
8
Lak
e T
rou
t
3.3
1
3.3
1
0.0
4
0.4
4
Fat
Lak
e
Tro
ut
3.4
6
5.1
0
0.0
4
0.7
1
Mot
tle
d S
cul
pin
0.0
3
0.0
9
b
0.0
7
Whi
tef
ish
0.1
9
0.2
7
0.1
9
0.0
4
Mar
que
tte
Lak
e T
rou
t
1.35
1.95
0.0
2
O. 3
2
Fat
Lak
e T
rou
t
3.8
9
5.0
5
0.0
8
0.6
4
Mot
tle
d S
cul
pin
0.0
6
0.1
5
b
0.0
2
Whi
tef
ish
0.2
9
0. 3
1
0.0
2
0.0
7
Pre
squ
e I
sle
Mot
tle
d S
cul
pin
0.0
3
b
b
0.0
4
Big
Bay
Lake
Tro
ut
0.8
5
1.13
b
0.2
6
Mot
tle
d S
cul
pin
0.0
9
0.1
5
0.0
1
0.0
5
0.9
5
12.
30
1.2
0
0.12
Hutc
h B
ay
Mot
tle
d S
cul
pin
b
b
b
0.0
5
0.7
5
12.1
5
1.30
0.10
L'A
nse
Mot
tle
d S
cul
pin
b
b
b
0.0
2
0.6
6
11.7
8
1.40
0.08
Lowe
r P
orta
ge
Entr
y
Herr
ing
1.18
1.03
0.12
Lak
e T
rou
t
1.3
5
b
0.0
2
0.2
1
0.3
6
3.1
1
.26
0.09
Mot
tle
d S
cul
pin
0.0
9
0.0
4
b
0.0
2
0.7
2
11.
36
1.2
0
0.10
Gran
d T
rave
rse
Bay
Mott
led
Scul
pin
0.02
b
b
0.02
Bete
Gris
e
Whit
efis
h
0.69
0.89
0.08
0.16
Coppe
r Har
bor
Lake
Trout
2.44
2.99
0.02
0.36
Mot
tle
d S
cul
pin
0.0
4
0.0
9
b
0.0
3
0.9
0
11.
92
1.3
0
0.11
Eagl
e H
arbo
r
Mott
led
Scul
pin
0.10
0.15
b
0.02
Eagl
e R
iver
Mott
led
Scul
pin
0.43
0.46
0.03
0.04
Upp
er
Por
tag
e E
ntr
y
Lak
e T
rou
t
0.9
8
1.17
0.02
0.4
5
0.3
5
3.34
0.3
0
0.02
Mot
tle
d S
cul
pin
b
b
b
0.0
5
1.2
2
12
45
1.5
0
0.13
Carv
er's
Bay
Mott
led
Scul
pin
0.45
0.37
0.03
0.03
0.83
11.8
1
1.20
0.11
Big
Iron
Rive
r
Mott
led
Scul
pin
0.05
0.09
b
0.03
0.90
12.1
3
1.40
0.11
Bla
ck
Riv
er
Lak
e T
rou
t
1.51
2.09
0.0
3
0.3
3
0.4
0
3.44
0.3
6
0.02
Fat
Lak
e T
rou
t
5.1
1
8. 3
7
0.0
7
0.5
8
0.2
9
3.1
2
0.2
8
0.04
Mottled Sculpin 0.62 b b 0.03
Isle Royale Fat Lake Trout 2.10 2.33 b 0.58
Mot
tle
d S
cul
pin
0.0
6
1.30
34.8
0
0.1
5
<0.0
5
Litt
le
Girl
s P
oint
Lake
Trou
t
0.47
1.25
0.03
0.22
0.56
6.16
0.25
0-02
Her
rin
g
0.61
1.10
22.
45
0.3
9
0.22
Whit
efis
h
0.06
0.82
8.00
0.23
0.09
WISCONSIN
Dete
ctio
n Li
mit
0.00
1
0.00
1
0.00
1
0.01
0.01
0.01
0.02
0.05
Mout
h of
Bad
Rive
r
Bull
head
0.01
1
0.05
0
<1
0.11
1.10
18.0
0
<0.0
2
<0.05
Nort
hern
Pike
0.00
8
0.02
0
<1
0.29
0.20
7.00
0.03
<0~05
Wall
eye
0.02
3
0.20
0
0.00
4
0.02
0.58
13.0
0
<0.0
2
0-06
Whit
e Su
cker
0.05
8
0.02
4
<1
‘ 0.2
3
0.34
12.0
0
<0.0
2
0.08
Kakag
on Sl
ough
Bullh
ead
0.018
0.017
0.002
0.09
0.57
15.00
0.03
0‘06
Nort
hern
Pike
0.01
5
0.03
0
<1
0.22
0.34
39.0
0
<0.0
2
<0-05
Yell
ow P
erch
0.03
0
0.05
0
<1
0.02
0.32
17.0
0
<0.0
2
0-05
Cheq
uame
gon
Bay
Herr
ing
0.05
7
0.09
7
<1
0.05
0.29
12.0
0
0.05
0-05
North
ern P
ike
0.025
0.026
<1
0.03
0.24
30.00
<0.02
(0'05
Smelt
0.173
0.202
0.004
0.08
0.46
21.00
0.02
0-07
Walley
e
0.034
0.110
<1
0.12
0.25
12.00
0.04
<0~05
White
fish
0.129
0.202
0.019
0.08
0.40
14.50
0.04
0‘07
Yello
w Per
ch
0.045
0.046
0.003
0.03
0.30
16.60
0.15
0'05
Onio
n R
iver
Mott
led
Scul
pin
o_oz.
1,67
28.1
0
0.07
<0.05
Stoc
kton
Isla
nd
Mott
led
Scul
pln
0.03
1_23
21.9
3
0.25
0.05
Spoon
head
Sculp
in
0.045
0.300
0.057
0.11
1.28
22.90
0.38
0-09
Hayfi
eld
Lake
Trout
0.37
0.73
6.90
<0.05
0-06
Bark
Bay
Broo
k T
rout
0.06
0.69
3.80
<0.0
5
<0-05
Port
Wing
Burb
ot
0.48
0.76
7.13
0.07
((1-05
Cisco
0.11
0.73
10.20
0.08
<0-05
Lake
Trout
0.15
1.20
12.40
0.09
<0-05
Long
Nose
Suck
er
0,12
1,40
15,2
0
0.13
0-09
Rainb
ow Tr
out
0.13
1.05
4.50
0.26
<0-05
Smelt 0.10 0.69 23.00
Sea
Lamp
rey
1.32
2.80
34.9
0
<0.0
5
0-05
Mouth
of Br
ule Ri
ver
Brown
Trout
0.193
0.145
0.006
0.12
0.49
6.20
0.04
(0'05
Rainbo
w Trou
t
0.110
0.065
0.002
0.11
1.85
6.10
0.07
(0'05
Walleye 0.074 0.080 0.005 0.20 0.59 11.03 0.05 0‘10
WeSt of Brule River Rainbow Trout 0.070 0.110 <0.001 0.10 0.36 5.80 0.03 0~°2
Smelt
0.200
0.263
0.007
0.93
0.38
24.30
0.04
0'07
WallP
Ye
0.229
0.218
0.003
0.38
0.30
8.18
0.03
0'05
3. information from referenres (68 and 69).
b. not detected.
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M
i
c
h
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T
o
t
a
l
D
D
T
w
a
s
p
r
e
s
e
n
t
i
n
a
l
l
s
a
m
p
l
e
s
,
r
a
n
g
i
n
g
f
r
o
m
a
l
o
w
o
f
0
.
1
7
m
g
/
k
g
in
h
e
r
r
i
n
g
f
r
o
m
M
u
n
i
s
i
n
g
t
o
a
m
a
x
i
m
u
m
o
f
5
.
1
i
2
.
7
8
m
g
/
k
g
i
n
f
a
t
l
a
k
e
t
r
o
u
t
f
r
o
m
B
l
a
c
k
R
i
v
e
r
H
a
r
b
o
r
.
S
p
e
c
i
e
s
d
i
f
f
e
r
e
n
c
e
s
w
e
r
e
e
v
i
d
e
n
t
;
W
h
i
t
e
f
i
s
h
a
n
d
h
e
r
r
i
n
g
h
a
d
a
m
e
a
n
o
f
0
.
5
0
i
0
.
4
5
m
g
/
k
g
t
o
t
a
l
D
D
T
w
h
i
l
e
l
e
a
n
l
a
k
e
t
r
o
u
t
h
a
d
a
m
e
a
n
o
f
2
.
0
3
i
1
.
3
5
m
g
/
k
g
t
o
t
a
l
D
D
T
.
T
h
e
t
o
t
a
l
D
D
T
c
o
n
c
e
n
t
r
a
t
i
o
n
f
o
r
f
a
t
l
a
k
e
t
r
o
u
t
at
B
l
a
c
k
R
i
v
e
r
Harbor,
L
o
we
r
Portage
Entry,
Copper
Harbor,
Marquette,
a
n
d
M
u
n
i
s
i
n
g
e
xc
e
e
d
e
d
the
5.0
mg/kg
FDA
guideline.
The
highest
m
e
a
s
ur
e
d
va
l
ue
wa
s
26.02
m
g
/
k
g
in
a
lake
trout
captured
near
Munising.
PCB
levels
were
highly
variable,
ranging
from
0.22
mg/kg
in
herring
from
Munising
to
8.37
mg/kg
in
fat
lake
trout
from
Black
River.
Mean
PCB
levels
in
fat
lake
trout
at
Munising
(5.10
mg/kg),
Marquette
(5.05
mg/kg),
and
Black
River
(8.37
mg/kg)
exceeded
the
FDA
5.0
mg/kg
guideline.
Lean
lake
trout
from
the
corresponding
locations
averaged
2.53
mg/kg
PCB's;
whitefish
and
herring
were
lower
than
lake
trout,
averaging
0.54
mg/kg.
Only
total
DDT,
dieldrin,
and
PCB's
were
identified
in
sculpins.
Total
DDT
residues
ranged
up
to
0.32
mg/kg,
which
is
less
than
10%
of
the
current
FDA
guideline.
Carver's
Bay
and
Whitefish
Bay
were
the
only
locations
with
DDT
levels
over
0.15
mg/kg.
Sculpins
from
these
locations
also
contained
measurable
dieldrin.
PCB
levels
in
mottled
sculpin
were
low, ranging up to 0.75 mg/kg.
Heavy metals concentrations in fish from Michigan's Lake Superior
waters were
low,
with
only
mercury
approaching
or exceeding
present
guidelines for fish flesh.
Mean location mercury levels were variable,
ranging from 0.04 mg/kg in Whitefish from Munising to 0.73 mg/kg in fat
lake
trout
from
the
Marquette
area.
All location mean mercury values for fat lake trout exceeded the
FDA guideline of 0.5 mg/kg. No other species had mean mercury values
above the guideline.
Lake trout generally had mercury values two to
three times the values found in whitefish.
Mercury levels in sculpins
ranged from 0.01 to 0.07 mg/kg with no geographic differences.
WISCONSIN
Total DDT concentrations were generally low in all species analyzed
Within Wisconsin nearshore waters. Carp appeared to have approximately
two times more DDT residues than the other fish sampled. Carp also had
hiSher PCB levels than the other species. The observed levels of PCB's
and DDT were much below the FDA guidelines of 5.0 mg/kg for PCB's and
for DDT. All samples contained less than 10% of the guideline for .
dieldrin. No samples contained detectable amounts of benzenehexachloride
or methoxychlor.
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4
 
CONCENTRATIONS (MG/KG WET WEIGHT BASIS) OF SELECTED TRACE CONTAMINANTS
IN FISH COLLECTED FROM NEARSHORE LAKE SUPERIOR WATERS, 1974
MINNESOTA AND
ONTARIOa
TABLE 4.1 - 15
 
LOCATION SPECIES
DDT
PCB DIEL
DRIN
MER
CUR
Y COPPER ZINC LE
AD
CADMIUM
MINNESOTA
Detection Limit
0.0
01
0.05 0.05
Lester River
French River
Stony Cove
Knife River
Two Harbors
Stewart River
Gooseberry River
Split Rock River
Cross River
Cascade River
Grand
Marais
Grand Portage
Sculpin
Sculpin
Burbot
Herring
Scu1pin
Sculpin
Sculpin
Scuipin
Sculpin
Burbot
Sculpin
Scu1pin
Brook Trout
Sculpin
Cisco
Herring
0.600
0
.
3
0
0
0.050
0.200
0.3
00
0.300
0.0
28
0.0
22
0.011
0.008
0.009
0.005
0.0
12
<0.015
0.013
0.0
06
0.165
0.1
18
0.260
0.440
0.0
41
0.0
61
0.046
0.1
10
0.105
0.0
97
0.190
0.340
0.220
1.14
0.68
1.
67
1.18
1.26
0.71
0.46
0.
99
26.80
23.60
18.50
27.50
34.30
43.00
15.40
24.15
24.10
12.80
18.75
11.10
12.40
0.13
<0.05
0.20
0.
21
0.43
0.09
0.09
0.
88
0.23
<0.05
0.17
0.09
0.25
0.09
<0.05
0.17
<0.05
<0.
05
<0.05
<0.05
<0.
05
0.
07
<0.05
<0.05
0.05
0.
07
ONTARIO
Detection Limit
0.001
Pine
Bay
Black Bay
Nipigon Bay
Rossport
Point
Jackfish Bay
Marathon
Michipicoten
Bay
Batchawana Bay
1
 
Lake Trout
Walleye
Whitefish
Herring
Lake Trout
Whitefish
Herring
Lake
Trout
Whitefish
Lake Trout
Menominee
Whitefish
Herring
Lake
Trout
Whitefish
Lake Trout
Whitefish
Herring
Lake
Trout
Whitefish
Herring
Lake Trout
Whitefish
 
0.283
0.1
04
0.258
0.581
0.940
0.468
0.329
0.661
0.229
0.6
54
0.163
0.303
0.231
0.683
0.0
84
0.170
0.3
82
0.480
0.383
0.262
0.207
0.705
0.229
 
R
|
ﬂ
m
c
m
m
_
q
m
0
5
0
0
m
m
N
  
0.39
0.60
0.18
0.19
0.63
0.
14
0.
57
0.10
0.35
0.08
0.20
0.16
0.46
0.06
0.67
0.76
0.25
0.47
0.17
0.
17
0.42
0.13
   
m
m
m
m
m
m
m
m
x
n
O
O
O
O
O
O
O
O
O
V
V
V
v
m0
v
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
 
<0.
<0
.
<0
.
<0
.
<0
.
n
I
b
J
P
I
c
h
P
I
N
N
N
N
N
N
N
N
N
P
I
N
N
C
V
a. information from references (68 and 71).
b.
not detected.
 
——
Only
mercury
in
fish
from
Wisconsin's
nearshore
waters
occasionally
approached
or
exceeded
the
established
guidelines.
The
highest
mercury
levels
occurred
in
walleye,
with
mean
location
concentrations
ranging
from
0.02
mg/kg
at
the
mouth
of
the
Bad
River
to
0.38
mg/kg
5
km
west
of
the
Brule
River.
The
highest
concentration
of
mercury
was
0.54
mg/kg
found
in
a
walleye
captured
west
of
the
Brule
River.
The
only
other
location
where
mercury
leVels
in
walleyes
were
above
0.12
mg/kg
was
the
Brule
River
mouth
(0.20
mg/kg).
Zinc
concentrations
vary
by
species
but
not
by
geographic
location.
Northern
pike
and
smelt
had
the
highest
levels
(25.30
mg/kg).
Other
metals
showed
no
consistent
location
or
species
variation.
Nickel
and
lead
were
not
detected
(<0.1
mg/kg
and
<0.02 mg/kg, respectively).
MINNESOTA
PCB's in Minnesota's nearshore waters of western Lake Superior
ranged from less than detection limits in burbot to high values (8.4
mg/kg) in siscowet (fat) lake trout.
Consistently low levels were
generally found in burbot,
chinooksalmon, coho salmon, American smelt,
brook trout, walleye, and Whitefish, while intermediate values (1.1 to
1.5 mg/kg) were noted in common suckers and long—nose suckers.
 
Total DDT and its residues varied throughout a range of 0.023 mg/kg
in burbot to 11.7 mg/kg in whole siscowet lake trout. p,p—DDE generally
was the dominant form with o,p—DDT and p,p—DDT in the mid—range, while
p,p-DDD was the lowest of the DDT residues. Dieldrin values were observed,
ranging from a low of 0.003 mg/kg in walleye to a high of 0.062 mg/kg in
Whitefish.
Mirex and lindane were not measured in the fish sampled. Methoxychlor
was observed above detection thresholds at 2.1 mg/kg in American smelt
and eggs of burbot.
Hexachlorobenzene mean values per species were generally low.
Means ranged from less than detection limits to 0.04 mg/kg in siscowet
lake trout. Hexachlorobutadiene was generally less than detection
levels, except in lake trout, 2.18 mg/kg, and 7.7 mg/kg in skinless
fillets of long—nose suckers.
Thr
ee
pht
hal
ate
est
ers
wer
e s
tud
ied
.
Die
thy
l
pht
hal
ate
was
mea
sur
ed
in
Whi
tef
ish
,
ski
nle
ss
fil
let
s o
f s
isc
owe
t l
ake
tro
ut,
and
ski
nle
ss
fil
let
s o
f b
roo
k t
rou
t,
(2.4
mg/
kg,
1.3
mg/
kg,
and
0.1
mg/
kg,
res
pec
tiv
ely
).
Dib
uty
lph
tha
lat
es
wer
e f
oun
d i
n r
ain
bow
tro
ut
(5.
4 m
g/k
g)
and
lon
g—n
ose
suc
ker
s
(8.
1 m
g/k
g).
The
hig
hes
t
lev
el
of
die
thy
lhe
xyl
pht
hal
ate
was
obs
erv
ed
in
ski
nle
ss
fil
let
s o
f W
hit
efi
sh
(2.2
mg/
kg)
.
How
eve
r,
it
was
ge
ne
ra
ll
y
fo
un
d
at
de
te
ct
ab
le
le
Ve
ls
ex
ce
pt
in
co
mm
on
su
ck
er
s,
wa
ll
ey
e,
and siscowet lake trout.
Th
e
da
ta
fo
r
sc
ul
pi
n
ca
n
be
us
ed
as
in
di
ca
ti
ve
of
lo
ca
li
ze
d
co
nt
am
in
at
io
n.
Gen
era
lly
,
the
PCB
val
ues
for
scu
lpi
n w
ere
in
a r
ang
e o
f
0.2
to
0.3
mg
/k
g
al
th
ou
gh
th
er
e
we
re
a
fe
w
ex
ce
pt
io
ns
.
Le
st
er
Ri
ve
r
sc
ul
pi
ns
ha
d
a
me
an
va
lu
e
of
0.
6
mg
/k
g,
al
th
ou
gh
ot
he
r
ar
ea
s
on
th
e
no
rt
h
sh
or
e
of
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TABLE 4. 1-16
CONTAMINANTS MEASURED IN FISH FROM NEARSHORE
LAKE SUPERIOR WATERSa
 
Michigan Wisconsin Minnesota Ontario
Benzene hexachloride * *
Heptachlor-heptachlor epoxide * *
Dieldrin * * * *
Endrin *
Aldrin *
Lindane * * * *
DDT * * k *
DDD * k * *
DDE * k * *
Chlordane * * * *
Methoxychlor * *
Mirex *
Polychlorinated biphenyl (PCB) * * * *
Polybrominated biphenyl *
Hexachlorobutadiene * *
Hexachlorobenzene * *
Dibutylphthalate *
Diethylphthalate *
Diethylhexylphthalate *
Copper 7': 7': >'< *
Nickel * * * *
Lead * * * *
Zinc * * * *
Cadmium * * * *
Manganese *
Arsenic * * * *
Chromium * * * *
Selenium * * *
Mercury * * * *
Gross a * *
Cross 8 * *
Fillet * * * *
Whole fish * *
a. Information from References(68—71).
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a
i
n
,
L
e
s
t
e
r
R
i
v
e
r
s
c
u
l
p
i
n
h
a
d
t
h
e
h
i
g
h
e
s
t
m
e
a
n
v
a
l
u
e
w
h
i
l
e
K
n
i
f
e
R
i
v
e
r
h
a
d
t
h
e
s
e
c
o
n
d
h
i
g
h
e
s
t
,
0
.
1
6
3
m
g
/
k
g
.
F
r
o
m
t
h
i
s
p
o
i
n
t
t
o
t
h
e
n
o
r
t
h
e
a
s
t
a
l
o
n
g
t
h
e
M
i
n
n
e
s
o
t
a
n
o
r
t
h
s
h
o
r
e
,
v
a
l
u
e
s
d
e
c
r
e
a
s
e
d
d
r
a
m
a
t
i
c
a
l
l
y
.
L
e
s
t
e
r
R
i
v
e
r
a
r
e
a
s
c
u
l
p
i
n
h
a
d
t
h
e
o
n
l
y
e
l
e
v
a
t
e
d
d
i
e
l
d
r
i
n
(
0
.
0
2
8
m
g
/
k
g
)
r
e
l
a
t
i
v
e
t
o
t
h
e
o
t
h
e
r
s
c
u
l
p
i
n
d
a
t
a
f
r
o
m
M
i
n
n
e
s
o
t
a
.
F
r
o
m
t
h
e
s
e
d
a
t
a
,
i
t
i
s
a
p
p
a
r
e
n
t
t
h
a
t
O
u
t
s
i
d
e
o
f
t
h
e
D
u
l
u
t
h
v
i
c
i
n
i
t
y
,
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
w
e
r
e
n
o
t
e
n
t
e
r
i
n
g
L
a
k
e
S
u
p
e
r
i
o
r
f
r
o
m
M
i
n
n
e
s
o
t
a
.
T
h
e
l
e
v
e
l
s
o
f
m
e
t
a
l
s
i
n
s
c
u
l
p
i
n
s
c
a
p
t
u
r
e
d
i
n
M
i
n
n
e
s
o
t
a
'
s
n
e
a
r
s
h
o
r
e
L
a
k
e
S
u
p
e
r
i
o
r
w
a
t
e
r
s
w
e
r
e
g
e
n
e
r
a
l
l
y
l
o
w
w
i
t
h
n
o
l
o
c
a
t
i
o
n
d
i
f
f
e
r
e
n
c
e
s
n
o
t
e
d
e
x
c
e
p
t
f
o
r
m
e
r
c
u
r
y
.
M
e
r
c
u
r
y
1
e
V
e
l
s
i
n
s
c
u
l
p
i
n
s
r
a
n
g
e
d
f
r
o
m
0
.
0
4
1
m
g
/
k
g
a
t
A
g
a
t
e
B
e
a
c
h
t
o
0
.
7
8
4
m
g
/
k
g
a
t
t
h
e
K
n
i
f
e
R
i
v
e
r
.
E
x
c
e
p
t
a
t
K
n
i
f
e
R
i
v
e
r
,
a
l
l
m
e
r
c
u
r
y
l
e
v
e
l
s
i
n
s
c
u
l
p
i
n
s
w
e
r
e
<
O
.
2
m
g
/
k
g
.
M
e
a
n
l
o
c
a
t
i
o
n
l
e
v
e
l
s
o
f
m
e
r
c
u
r
y
e
x
c
e
e
d
e
d
0
.
2
m
g
/
k
g
i
n
4
s
p
e
c
i
e
s
o
f
f
i
s
h
a
t
5
o
f
15
l
o
c
a
t
i
o
n
s
:
c
i
s
c
o
a
t
G
r
a
n
d
P
o
r
t
a
g
e
(0.372
m
g
/
k
g
)
;
h
e
r
r
i
n
g
at
S
t
o
n
y
P
o
i
n
t
(
0
.
2
0
7
m
g
/
k
g
)
;
b
u
r
b
o
t
a
t
P
o
r
t
W
i
n
g
(0.478
m
g
/
k
g
)
;
l
a
k
e
t
r
o
ut
at
B
a
y
f
i
e
l
d
,
W
i
s
c
o
n
s
i
n
(0.368
mg/kg);
and
herring
at
Little
Girls
Point,
M
i
c
h
i
g
a
n
(
0
.
6
1
0
m
g
/
k
g
)
-
Skinned
herring,
cisco,
and
burbot
had
higher
levels
of
mercury
than
the
corresponding
whole
fish
(approximately
2,
2,
and
4
times
higher,
respectively).
Lake
trout
had
similar
1eVels
whether
skinned
or
whole
(0.385
and
0.350
mg/kg,
respectively).
Conversely,
zinc
levels
in
whole
lake
trout
were
three
to
four
times
the
level
in
the
skinless
fillets.
Thus,
the
method
of
sample
preparation
determined
in
part
the
level
of
metal
observed
in
a
given
species.
No
significant
location
differences
were
noted
for
any
of
the
metals
analyzed.
ONTARIO
The
organic
contaminants
in fish from Ontario's
nearshore waters
of
Lake
Superior
varied
widely
between
species
and
locations.
PCB
levels
ranged from 0.125 mg/kg in Whitefish from Jackfish Bay to 3.635 mg/kg in
Whitefish from Marathon.
All location mean values were less than the
guideline of 5.0 mg/kg,
but individual Whitefish samples at Marathon did
exceed 5.0 mg/kg.
Many samples exceeded the proposed Agreement objective
of 0.1 mg/kg.
The highest mean concentration of total DDT (0.940 mg/kg)
was found in lake trout from Black Bay. The lowest mean concentration
(0.084 mg/kg) was found in Whitefish from Jackfish Bay. Total DDT
concentrations for all areas were less than guidelines.
Dieldrin or endrin concentrations did not exceed the 0.3 mg/kg
guideline; concentrations were generally <15% of the guidelines. Heptachlor
epoxide levels were also very low and showed littlevariation between
species or areas sampled. Lindane, heptachlor, and aldrin were not
detected in any of the samples.
Other than mercury, noneof the metals in fish from Ontario's
nearshore waters exceeded 10% of the guideline in any sample. Lake
trout from Black Bay and Marathon had mean concentrations of mercury
which exceeded the guideline (0.63 mg/kg and 0.67 mg/kg, respectively).
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Te
n
co
mp
os
it
e
sa
mp
le
s
of
wa
ll
ey
e
fr
om
Pi
ne
Ba
y
an
d
fo
ur
co
mp
os
it
e
sa
mp
le
s
of
Wh
it
ef
is
h
fr
om
Ma
ra
th
on
ha
d
me
an
va
lu
es
of
0.
60
an
d
0.
76
mg
/k
g,
re
sp
ec
ti
ve
ly
,
fo
r
me
rc
ur
y,
wh
ic
h
ex
ce
ed
th
e
0.
5
mg
/k
g
gu
id
el
in
e.
Ov
er
al
l,
th
er
e
is
li
tt
le
in
te
r-
sp
ec
ie
s
va
ri
at
io
n
in
co
nc
en
tr
at
io
n
be
tw
ee
n
Wh
it
ef
is
h,
la
ke
tr
ou
t,
an
d
la
ke
he
rr
in
g.
Al
l
fi
sh
sa
mp
le
s
fr
om
On
ta
ri
o
wa
te
rs
ha
d
a
gr
os
s
a
<1
.0
pC
i/
g.
Sa
mp
le
s
an
al
yz
ed
fo
r
gr
os
s
B
ra
di
oa
ct
iv
it
y
ha
d
a
ra
ng
e
of
me
an
va
lu
es
fr
om
2.
39
pC
i/
g
in
he
rr
in
g
fr
om
Ni
pi
go
n
Ba
y
to
3.
83
pC
i/
g
in
me
no
mi
ne
e
at
Ro
ss
po
rt
Po
in
t.
Ho
we
ve
r,
th
er
e
wa
s
li
tt
le
va
ri
at
io
n
in
ra
di
oa
ct
iv
it
y
le
ve
ls
be
tw
ee
n
sp
ec
ie
s
or
ar
ea
s
su
rv
ey
ed
.
Fi
sh
to
xi
ci
ty
st
ud
ie
s
(7
2)
co
nd
uc
te
d
on
th
e
pu
lp
an
d
pa
pe
r
mi
ll
di
sc
ha
rg
es
to
Ni
pi
go
n
Ba
y
in
di
ca
te
d
th
at
th
e
fi
na
l
ef
fl
ue
nt
wa
s
ac
ut
el
y
to
xi
c
to
fi
sh
.
Im
pa
ir
me
nt
of
th
e
gr
ow
th
ra
te
of
fi
sh
an
d
th
e
pr
od
uc
ti
on
of
un
na
tu
ra
l
fl
av
ou
r
of
fi
sh
fl
es
h
re
su
lt
ed
fr
om
ex
po
su
re
to
a
co
nc
en
tr
at
io
n
of
6%
of
th
e
fi
na
l
ef
fl
ue
nt
.
Un
de
r
no
rm
al
mi
ll
op
er
at
in
g
co
nd
it
io
ns
it
is
un
li
ke
ly
th
at
ef
fl
ue
nt
co
nc
en
tr
at
io
ns
ap
pr
oa
ch
le
th
al
le
ve
ls
in
Ni
pi
go
n
Ba
y
be
yo
nd
th
e
im
me
di
at
e
ar
ea
of
th
e
ou
tf
al
l.
S
U
M
M
A
R
Y
OF
E
X
I
S
T
I
N
G
A
N
D
D
E
V
E
L
O
P
I
N
G
P
R
O
B
L
E
M
S
Fr
om
an
ex
am
in
at
io
n
of
th
e
so
ur
ce
s
an
d
lo
ad
in
g
ch
ar
ac
te
ri
st
ic
s
of
ma
te
ri
al
s
di
sc
ha
rg
ed
in
to
La
ke
Su
pe
ri
or
by
mu
ni
ci
pa
li
ti
es
,
in
du
st
ri
es
,
an
d
tr
ib
ut
ar
ie
s,
th
e
lo
ca
l
ef
fe
ct
s
on
wa
te
r
qu
al
it
y
in
th
e
im
me
di
at
e
re
ce
iv
in
g
wa
te
rs
we
re
ev
al
ua
te
d
wi
th
re
sp
ec
t
to
wa
te
r
us
e.
Fo
r
th
e
pr
ot
ec
ti
on
of
in
te
ns
iv
e
us
e
of
th
e
ne
ar
sh
or
e
wa
te
rs
,
it
is
ne
ce
ss
ar
y
to
co
nt
ro
l
al
l
po
ll
ut
io
n
so
ur
ce
s.
Wa
te
r
qu
al
it
y
in
ve
st
ig
at
io
ns
in
di
ca
te
d
th
at
un
sa
ti
sf
ac
to
ry
co
nd
it
io
ns
ex
is
te
d
in
ce
rt
ai
n
em
ba
ym
en
ts
bu
t
no
t
in
nearshore areas.
EXISTING PROBLEMS
ENRICHMENT
Th
er
e
ar
e
no
ma
jo
r
in
pu
ts
of
nu
tr
ie
nt
s
to
th
e
On
ta
ri
o
ne
ar
sh
or
e
ar
ea
s
of
La
ke
Su
pe
ri
or
fr
om
an
y
so
ur
ce
s.
Th
e
un
pr
od
uc
ti
ve
na
tu
re
of
th
es
e
wa
te
rs
is
re
fl
ec
te
d
by
lo
w
al
ga
l
po
pu
la
ti
on
s
an
d
lo
w
le
ve
ls
of
nu
tr
ie
nt
s,
wh
ic
h
ar
e
ch
ar
ac
te
ri
st
ic
of
ol
ig
ot
ro
ph
ic
la
ke
wa
te
rs
.
At
fi
ve
im
pa
ct
ed
U.
S.
lo
ca
ti
on
s
(O
nt
on
ag
on
,
Lo
we
r
Po
rt
ag
e
En
tr
y,
Pr
es
qu
e
Is
le
,
Ca
rp
Ri
ve
r,
an
d
Mu
ni
si
ng
)
an
d
at
on
e
co
nt
ro
l
lo
ca
ti
on
(W
hi
te
fi
sh
Po
in
t)
th
e
da
ta
in
di
ca
te
ex
is
ti
ng
or
de
ve
lo
pi
ng
en
ri
ch
me
nt
pr
ob
le
ms
;
ho
we
ve
r,
no
sp
ec
if
ic
Ag
re
em
en
t
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
we
re
violated.
Ca
lc
ul
at
ed
nu
tr
ie
nt
lo
ad
in
gs
fo
r
th
e
fi
ve
im
pa
ct
ed
lo
ca
ti
on
s
ac
co
un
te
d
fo
r
79
%
of
th
e
to
ta
l
ph
os
ph
or
us
an
d
16%
of
th
e
to
ta
l
ni
tr
og
en
di
sc
ha
rg
ed
to
Lak
e
Sup
eri
or
fro
m t
he
Mic
hig
an
por
tio
n
of
the
dra
ina
ge
bas
in.
The
mos
t
enr
ich
ed
are
as
inc
lud
ed
Ont
ona
gon
,
Car
p
Riv
er,
and
Mun
isi
ng.
Nut
rie
nt
con
cen
tra
tio
ns
wer
e e
lev
ate
d a
t t
he
las
t t
wo
loc
ati
ons
whi
le
the
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—nearshore
currents
quickly
dispersed
the
nutrient
loading
at
Ontonagon.
Historical
benthic
data
suggest
that
enrichment
at
these
three
locations
has increased since the late 1950's.
All
impacted
locations
had
benthic
communities
indicative
of
enrichment.
The
control
location
at
Whitefish
Point
also
had
a
benthic
community
which
indicated
enrichment;
however,
no
nutrient
sources
were
found
in
this
area.
Phosphorus
removal
at
the
wastewater
treatment
plants
for
Ontonagon,
Marquette,
and
Munising
are
to
be
operational
by
1978,
1979,
and
1976,
respectively.
In
the
enrichment
section,
Chapter
6.1,
a
discussion
of
the
future
enrichment
trends
in local
embayments
of Lake
Superior utilizes
the waste
load
simulation model presented
in Chapter 3.11.
Based on the
application
of best practicable technology available today, 85% of phosphorus removal
from the industrial effluent
to Jackfish Bay would reSult in an estimated
chlorophyll a level of 1.0 ug/2 in the year 2020.
Without phosphorus removal,
the level of chlorophyll a in the year 2020 is expected to be 3.7 ug/l, which
is in the mesotrophic range.
In Nipigon Bay, without phosphorus removal from controllable sources,
the estimated chlorophyll a concentration in the year 2020 is 2.6 ug/R.
If 85% phosphorus removal is applied, the 1974 chlorophyll alevel of
1.5 ug/Q is expected to remain essentially unchanged for the next 45 years.
 
BACTERIAL CONTAMINATION
Results indicate excellent microbial quality in nearshore areas of
Lake Superior. No existing problems were apparent. However, the inadequate
operation of municipal waste treatment plants resulted in elevated total
and fecal coliform counts at Black River, Ontonagon, Carp River, and
Munising. The highest counts were recorded at the river mouth stations.
Most of the problems are with the disinfection facilities.
Localized impairment also exists in a number of Ontario embayments.
In Batchawana Bay, although indicator bacteria were virtually absent in
Spri
ng,
popu
lati
ons
duri
ng t
he S
epte
mber
surv
ey s
howe
d a
mark
ed i
ncre
ase
of total coliforms and fecal streptococci. Tributary monitoring data
indicate that both human and animal wastes from three influent streams
(Ba
tch
awa
na
Riv
er,
Har
mon
y R
ive
r,
Sto
ckl
ey
Cre
ek)
are
pro
bab
le
sou
rce
s
of bacterial contamination. An additional input may originate from the
numerous cottages along the shoreline of this embayment.
The
Pen
ins
ula
Har
bou
r a
rea
rec
eiv
es
ind
ust
ria
l a
nd
san
ita
ry
was
tes
originating from the main mill seWer of American Can of Canada Limited,
as well as the primary treated sewage from the Township of Marathon. By
far
the
lar
ges
t s
our
ce
of
was
tes
is
the
mil
l w
hic
h d
isc
har
ges
dir
ect
ly
to
Lak
e S
upe
rio
r.
As
a r
esu
lt,
bac
ter
ial
con
tam
ina
tio
n i
s r
est
ric
ted
to
a l
oca
liz
ed
are
a o
f L
ake
Sup
eri
or
aro
und
the
out
fal
l a
s o
ppo
sed
to
ins
ide
the
har
bou
r.
Hig
h b
act
eri
al
leve
ls,
whi
ch
fre
que
ntl
y e
xce
ede
d O
nta
rio
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cri
ter
ia
for
pub
lic
wat
er
sup
pli
es
and
rec
rea
tio
nal
use
s,
are
ass
oci
ate
d
wit
h t
he
eff
lue
nt
was
te
plu
me
and
are
sub
jec
t t
o h
igh
ly
var
iab
le
dis
per
sio
n
mec
han
ism
s.
Alt
hou
gh
bac
ter
ial
den
sit
ies
sho
wed
a w
ide
var
iat
ion
bet
wee
n
res
pec
tiv
e s
amp
lin
g d
ays
,
all
cou
nts
wer
e v
ery
hig
h i
n c
omp
ari
son
to
con
tro
l
sta
tio
ns
in
non
—in
dus
tri
ali
zed
nea
rsh
ore
are
as
of
Lak
e S
upe
rio
r.
Con
tam
ina
tio
n
was
not
ed
at
dis
tan
ces
up
to
1.6
km
fro
m t
he
out
fal
l o
f A
mer
ica
n C
an
of
Can
ada
Ltd
.
Bac
ter
ial
pop
ula
tio
ns
wit
hin
Pen
ins
ula
Har
bou
r,
whi
ch
rec
eiv
es
no
sew
age
inp
uts
, d
id
not
exh
ibi
t s
ign
ifi
can
t i
ncr
eas
es
ove
r n
ear
sho
re
are
as.
Jac
kfi
sh
Bay
ser
ves
as
the
rec
eiv
ing
bod
y
for
pul
p
and
pap
er
was
tes
ori
gin
ati
ng
fro
m t
he
Kim
ber
ly—
Cla
rk
of
Can
ada
Lim
ite
d m
ill
at
Ter
rac
e B
ay.
The
se
was
tes
ent
er
Jac
kfi
sh
Bay
Via
Bla
ckb
ird
Cre
ek.
A m
ark
ed
inc
rea
se
in
lev
els
of
tot
al
col
ifo
rms
, f
eca
l c
oli
for
ms,
and
fec
al
str
ept
oco
cci
ove
r
nea
rsh
ore
are
as
was
fou
nd
in
Jac
kfi
sh
Bay.
Alt
hou
gh
fec
al
col
ifo
rm
den
sit
ies
wer
e b
elo
w c
rit
eri
a,
the
tot
al
col
ifo
rm
and
fec
al
str
ept
oco
cci
den
sit
ies
exc
eed
ed
Ont
ari
o c
rit
eri
a f
or
rec
rea
tio
nal
use
s.
Wat
er
qua
lit
y
deg
rad
ati
on
res
ult
ing
fro
m b
act
eri
al
lev
els
was
evi
den
t f
or
a d
ist
anc
e
of 1 km from the mouth of Blackbird Creek.
31;
Exc
ept
for
a l
oca
liz
ed
are
a i
n t
he
wes
ter
n p
art
of
Nip
igo
n B
ay,
“
pop
ula
tio
ns
of
hea
lth
ind
ica
tor
bac
ter
ia
thr
oug
hou
t t
his
emb
aym
ent
wer
e
char
acte
rist
ic o
f La
ke S
uper
ior
near
shor
e ar
eas.
The
west
ern
shor
elin
e
receives industrial and sanitary wastes from Domtar Packaging Limited
in ‘
loca
ted
in t
he I
mpro
veme
nt D
istr
ict
of R
ed R
ock.
Alth
ough
indi
vidu
al
‘1
sampl
es o
ccasi
onall
y ex
ceede
d 1,
000 t
otal
colif
orms/
lOO m
2 and
frequ
ently
W ,‘ exceeded 20 fecal streptococci/100 mﬁ, the geometric mean of samples
‘
coll
ecte
d in
the
plum
e a
rea
did
not
exce
ed A
gree
ment
wate
r qu
alit
y
objectives.
METALS CONTAMINATION
Heav
y me
tal
conc
entr
atio
ns i
n th
e se
dime
nts
of u
ndev
elop
ed n
ears
hore
‘1;,‘
areas
of La
ke S
uperi
or r
eflec
t nat
ural
level
s du
e to
soil
weath
ering
and
iT? geochemical processes. Mercury in sediments of Peninsula Harbour and
I Jackfish Bay, copper and zinc at Upper Portage Entry, and a variety of
parameters at Ontonagon and Munising were the only accumulations observed
in the study.
Significant mercury contamination of sediments has occurred in
Peninsula Harbour (Marathon) as a result of past mercury losses from
the chlor—alkali plant of the American Can of Canada Limited. Present
discharges of this_metal generally meet the Canadian Chlor—Alkali Regulations
(73). The greatest contamination was found in the Jellicoe Cove area of
Peninsula Harbour near the main mill sump overflow. Mercury concentrations
of 38.8 mg/kg and 31.9 mg/kg were detected at distances from the outfall of
200 m and 500 m, respectively. Since background levels were not reached
in the 1973 sampling grid, the areal extent of mercury contamination cannot
be determined, but at a single station 4 km from the point source, the level
of mercury was 1.16 mg/kg.
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     l____-l‘kI-I
—I
n
J
a
c
k
f
i
s
h
B
a
y
,
t
w
o
s
t
a
t
i
o
n
s
o
u
t
o
f
s
i
x
h
a
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
0
.
7
5
a
n
d
0
.
4
2
m
g
/
k
g
.
M
e
r
c
u
r
y
-
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
w
e
r
e
n
o
t
p
r
e
s
e
n
t
i
n
o
t
h
e
r
embayments
on
the
Ontario
side.
S
e
v
e
r
e
l
y
d
e
g
r
a
d
e
d
s
e
d
i
m
e
n
t
s
o
c
c
u
r
r
e
d
a
t
O
n
t
o
n
a
g
o
n
a
n
d
M
u
n
i
s
i
n
g
.
O
n
t
o
n
a
g
o
n
s
e
d
i
m
e
n
t
s
v
i
o
l
a
t
e
d
U.S.
E
P
A
d
r
e
d
g
e
s
p
o
i
l
g
u
i
d
e
l
i
n
e
s
for
c
h
e
m
i
c
a
l
o
x
y
g
e
n
d
e
m
a
n
d
(COD)
a
n
d
t
o
t
a
l
K
j
e
l
d
a
h
l
n
i
t
r
o
g
e
n
(TKN),
w
h
i
l
e
M
u
n
i
s
i
n
g
s
e
d
i
—
m
e
n
t
s
v
i
o
l
a
t
e
d
U.S.
E
P
A
c
r
i
t
e
r
i
a
for
COD,
TKN,
zinc,
lead,
a
n
d
t
o
t
a
l
v
o
l
a
-
t
i
l
e
s
o
l
i
d
s
.
T
h
e
e
n
r
i
c
h
m
e
n
t
of
the
s
e
d
i
m
e
n
t
s
at
t
h
e
s
e
two
h
a
r
b
o
u
r
s
h
a
s
r
e
s
u
l
t
e
d
in
a
d
e
g
r
a
d
e
d
benthic
community.
Inadequate
sewage
treatment
is
the
source
of
these
contaminated
sediments.
Upper
Portage
Entry
sediments
contained
high
concentrations
of
copper
and
zinc
from
past
mining
activities.
Copper
toxicity
has
reduced
the
benthic
populations
in
the
area.
Copper
concentrations
were
also
high
in
the
water
at
both
Upper
and
Lower
Portage
Entry.
Fish
captured
in
the
vicinity
of
Marathon
contained
unacceptable
levels
of
mercury
in
their
flesh.
The
Canadian
Food
and
Drug
Act
recommends
that
for
the
protection
of
human
consumers
of
fish,
the
level
of
mercury
in
fish
flesh
be
<0.5
mg/kg.
Whitefish
and
lake
trout
exceeded
the
guideline.
In
Jackfish
Bay,
lake
trout
samples
also
exceeded
the
guideline.
Although
mercury-contaminated
sediments
were
not
present
in
other
areas,
unacceptable
levels
were
found
in
fish
from
Michipicoten
Harbour,
Black
Bay,
Nipigon
Bay,
and
Pine
Bay.
Mean
location
values
for mercury
exceeded
the
guidelines
in all
fat
lake
trout
at Munising,
Marquette,
and Whitefish Point.
ORGANIC CONTAMINANTS
Organic substances like PCB's, pesticides, and phenolic compounds
are potent environmental contaminants which can seriously affect the
aquatic biota.
PCB levels in the nearshore sediments were found to be extremely
low. Of 27 Ontario nearshore stations, only two locations near Marathon had
measurable levels (12 and 250 ug/kg). Seven nearshore sediment samples
showed trace amounts below the sensitivity limit of the test (10 ug/kg)
and the remaining 18 samples did not have any detectable PCB concentration.
An intensive study revealed serious contamination of sediments by
PCB's in Peninsula Harbour (Marathon) where all nine stations contained
measurable levels ranging from 10 to 6500 ug/kg. Jackfish Bay sediments
contained PCB levels ranging from trace (<10 ug/kg) to 142 ug/kg near
the mouth of Blackbird Creek. Evidence indicates that the PCB's originate
from the industrial waste discharges. The sediments of Nipigon Bay in'
the area receiving similar industrial wastes were not analyzed for PCB s.
In Black Bay andPine Bay, PCB's in sediments Were not detected.
Whitefish in Peninsula Harbour showed PCB-contaminated samples exceeding
the Canadian Food and Drug Directorate guideline of 2 mg/kg set for fish.
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 Wh
it
ef
is
h
co
ll
ec
te
d
fr
om
Ni
pi
go
n
Ba
y
ex
ce
ed
ed
th
e
gu
id
el
in
es
in
on
e
of
te
n
co
mp
os
it
e
sa
mp
le
s.
In
Bl
ac
k
Ba
y,
PC
B'
s
in
se
di
me
nt
s
we
re
no
t
de
te
ct
ed
;
ho
we
ve
r,
th
re
e
of
10
co
mp
os
it
e
la
ke
tr
ou
t
sa
mp
le
s
fr
om
th
is
embayment contained >2 mg/kg.
Or
ga
ni
c
co
nt
am
in
an
ts
an
d
me
ta
ls
we
re
lo
w
in
fi
sh
ca
pt
ur
ed
in
U.
S.
ne
ar
sh
or
e
La
ke
Su
pe
ri
or
wa
te
rs
ex
ce
pt
in
la
ke
tr
out
.
Le
ve
ls
of
DD
T
an
d
PCB
's
wer
e
hig
h
in
bot
h
the
lea
n
and
fat
var
iet
ies
of
lak
e
tro
ut.
Fat
la
ke
tr
ou
t
at
Bl
ac
k
Ri
ve
r
Ha
rb
or
,
Mu
ni
si
ng
,
an
d
Ma
rq
ue
tt
e
ex
ce
ed
ed
th
e
5.
0
mg
/k
g
gu
id
el
in
e
fo
r
PC
B'
s.
Av
er
ag
e
lo
ca
ti
on
va
lu
es
fo
r
le
an
la
ke
trout did not exceed this guideline.
Lo
w
le
ve
ls
of
DDD
,
DDE
,
an
d
DD
T
we
re
fo
un
d
in
La
ke
Su
pe
ri
or
se
di
me
nt
s.
Th
e
to
ta
l
DD
T
co
nc
en
tr
at
io
n
in
in
di
vi
du
al
fa
t
la
ke
tr
ou
t
at
Bl
ac
k
Ri
ve
r
Ha
rb
or
,
Lo
we
r
Po
rt
ag
e
En
tr
y,
Co
pp
er
Ha
rb
or
,
Ma
rq
ue
tt
e,
an
d
Mu
ni
si
ng
ex
ce
ed
ed
th
e
5.
0
mg
/k
g
FD
A
gu
id
el
in
e;
ho
we
ve
r,
th
e
me
an
DD
T
co
nc
en
tr
at
io
n
exc
eed
ed
the
gui
del
ine
onl
y a
t B
lac
k R
ive
r H
arb
or.
Phe
nol
ic
sub
sta
nce
s
in
Pen
ins
ula
Har
bou
r a
nd
Jac
kfi
sh
Bay
wat
ers
wer
e c
ons
ide
rab
ly
hig
her
tha
n b
ack
gro
und
lev
els
of
Lak
e S
upe
rio
r.
Le
ve
ls
of
ph
en
ol
ic
su
bs
ta
nc
es
in
th
e
wa
st
e
pl
um
e
of
Am
er
ic
an
Ca
n
of
Can
ada
Lim
ite
d
at
Pen
ins
ula
Har
bou
r
ran
ged
fro
m
6—8
0
ug/
K.
The
sub
sta
nce
s
sho
uld
be
abs
ent
acc
ord
ing
to
the
des
ira
ble
Ont
ari
o
cri
ter
ion
for
pub
lic
water supplies.
In
Jac
kfi
sh
Bay
,
lev
els
ran
ged
fro
m a
mea
n o
f 6
0 u
g/l
at
0.5
km
fro
m
the
mou
th
of
Bla
ckb
ird
Cre
ek
to
4 u
g/ﬂ
at
a
dis
tan
ce
of
3.5
km
fro
m
the
cre
ek
mou
th.
Alt
hou
gh
exa
min
ati
on
of
fis
h t
ain
tin
g h
as
not
bee
n
con
duc
ted
in
the
se
are
as,
kra
ft
mil
l
eff
lue
nts
are
kno
wn
to
con
tri
but
e
to tainting of fish flesh.
DEVELOPING PROBLEMS
The
ove
ral
l q
ual
ity
of
nea
rsh
ore
wat
ers
of
Lak
e S
upe
rio
r i
s e
xce
lle
nt.
No
dev
elo
pin
g w
ate
r
qua
lit
y
imp
air
men
t h
as
bee
n i
den
tif
ied
in
nea
rsh
ore
reg
ion
s.
Loc
ali
zed
imp
air
men
t e
xis
ts
in
Pen
ins
ula
Har
bou
r,
Jac
kfi
sh
Bay, Munising, Ontonagon, Black River, and Marquette.
Alth
ough
the
Kimb
erly
—Cla
rk m
ill
at T
erra
ce B
ay i
s ex
pand
ing
its
ope
rat
ion
s,
no
add
iti
ona
l i
mpa
ct
to
Jac
kfi
sh
Bay
is
exp
ect
ed
sin
ce
in—
plant waste treatment facilities are also being installed.
An
are
a w
hic
h m
ay
be
of
env
iro
nme
nta
l c
onc
ern
in
the
fut
ure
is
Pin
e
Bay.
Grea
t La
kes
Nick
el L
td.
has
part
iall
y c
ompl
eted
cons
truc
tion
of
mining, milling, and smelting facilities for copper and nickel ores in
Pardee Township. For economic reasons, construction has been stopped.
Should this mine ever become operational, Pine Bay will serve as the
terminal basin for mine wastes.
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A
R
E
A
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B
a
y
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h
e
l
a
r
g
e
s
t
C
a
n
a
d
i
a
n
c
i
t
y
o
n
L
a
k
e
S
u
p
e
r
i
o
r
a
n
d
d
u
e
t
o
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
p
o
p
u
l
a
t
i
o
n
a
n
d
i
n
d
u
s
t
r
y
i
t
i
s
a
p
o
t
e
n
t
i
a
l
c
o
n
t
r
i
b
u
t
o
r
t
o
t
h
e
p
o
l
l
u
t
i
o
n
o
f
L
a
k
e
S
u
p
e
r
i
o
r
.
A
g
e
n
e
r
a
l
v
i
e
w
o
f
t
h
e
T
h
u
n
d
e
r
B
a
y
a
r
e
a
i
s
s
h
o
w
n
i
n
F
i
g
u
r
e
4
.
2
—
1
.
T
h
e
a
r
e
a
c
a
n
b
e
d
i
v
i
d
e
d
i
n
t
o
t
w
o
s
e
c
t
i
o
n
s
:
t
h
e
I
n
n
e
r
H
a
r
b
o
u
r
(
i
n
s
i
d
e
t
h
e
b
r
e
a
k
w
a
t
e
r
)
a
n
d
t
h
e
O
u
t
e
r
H
a
r
b
o
u
r
(
o
u
t
s
i
d
e
t
h
e
b
r
e
a
k
w
a
t
e
r
)
.
A
n
e
x
t
e
n
s
i
v
e
s
t
u
d
y
o
f
t
h
e
w
a
t
e
r
q
u
a
l
i
t
y
i
n
t
h
e
T
h
u
n
d
e
r
B
a
y
a
r
e
a
w
a
s
c
a
r
r
i
e
d
o
u
t
i
n
1
9
7
0
(4).
It
w
a
s
c
o
n
c
l
u
d
e
d
t
h
a
t
t
h
e
s
u
r
f
a
c
e
w
a
t
e
r
s
i
n
T
h
u
n
d
e
r
Bay
I
n
n
e
r
H
a
r
b
o
u
r
a
n
d
the
a
d
j
a
c
e
n
t
s
e
c
t
i
o
n
o
f
t
h
e
O
u
t
e
r
H
a
r
b
O
u
r
w
e
r
e
b
e
i
n
g
c
o
n
t
a
m
i
n
a
t
e
d
b
y
l
o
c
a
l
i
n
d
u
s
t
r
i
a
l
a
n
d
m
u
n
i
c
i
p
a
l
w
a
s
t
e
w
a
t
e
r
d
i
s
c
h
a
r
g
e
s
.
R
e
c
o
m
m
e
n
d
a
t
i
o
n
s
w
e
r
e
m
a
d
e
to
a
l
l
e
v
i
a
t
e
the
p
o
l
l
ut
i
o
n
pressure
in
Thunder
Bay.
Intensive
water
quality
sampling
surveys
in
Thunder
Bay
were
made
in
1973
and
1974.
This
section
summarizes
the
findings
and
recommendations
of
the
1970
survey
and
presents
the
1973
and
1974
findings.
The
water
quality
surveys
are
compared
to
evaluate
the
changes
in
the
nearshore
and
offshore waters.
WATER USES
The
waters
of
the
Thunder
Bay
area
must
meet
a
variety
of
needs
some
of
which
are
in
conflict
with
each
other.
The
predominant
existing
uses
are
domestic
and
industrial
water
supply,
waste
disposal,
thermal
power
generation,
and
commercial
shipping.
To
a
lesser
extent
portions
of
Thunder
Bay
are
used
for
boating,
angling,
and
swimming.
Each
of
these
uses
is
discussed
in
the
section
which
follows.
WATER SUPPLY
MUNICIPAL
The City of Thunder Bay is supplied by two waterworks: the Thunder
Bay North Plant and the Thunder Bay South Plant.
The first is capable
0f pumping 50,000 m3/d and withdraws water from Thunder Bay through an
intake located at Bare Point.
The second is rated at 55,000 m3/d and
withdraws water from Loch Lomond located about 8 km southwest of the.
mouth of Mission River.
Both plants utilize screening and chlorination.
The average annual pumpages for the years 1972 to 1974 from the north
and south plants were 31,000 m3/d and 37,300 m3/d, respectively. The
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t
r
e
a
t
e
d
w
a
t
e
r
d
i
s
t
r
i
b
u
t
i
o
n
s
y
s
t
e
m
s
a
r
e
b
e
i
n
g
p
a
r
t
i
a
l
l
y
i
n
t
e
g
r
a
t
e
d
t
o
p
r
o
v
i
d
e
m
o
r
e
f
l
e
x
i
b
l
e
o
p
e
r
a
t
i
o
n
a
n
d
r
e
l
i
a
b
i
l
i
t
y
o
f
t
h
e
s
u
p
p
l
y
.
INDUSTRIAL
T
h
e
l
a
r
g
e
s
t
i
n
d
i
v
i
d
u
a
l
i
n
d
u
s
t
r
i
a
l
u
s
e
r
o
f
w
a
t
e
r
i
n
T
h
u
n
d
e
r
B
a
y
i
s
t
h
e
O
n
t
a
r
i
o
H
y
d
r
o
T
h
e
r
m
a
l
G
e
n
e
r
a
t
i
n
g
S
t
a
t
i
o
n
w
h
i
c
h
,
w
h
e
n
o
p
e
r
a
t
i
n
g
,
u
t
i
l
i
z
e
s
f
o
r
o
n
c
e
—
t
h
r
o
u
g
h
c
o
o
l
i
n
g
,
a
p
p
r
o
x
i
m
a
t
e
l
y
5
4
0
,
0
0
0
m
3
/
d
o
f
w
a
t
e
r
t
a
k
e
n
f
r
o
m
t
h
e
m
o
u
t
h
o
f
M
i
s
s
i
o
n
R
i
v
e
r
.
H
o
w
e
v
e
r
,
t
h
i
s
s
t
a
t
i
o
n
o
n
l
y
o
p
e
r
a
t
e
s
w
h
e
n
t
h
e
l
o
a
d
o
n
O
n
t
a
r
i
o
H
y
d
r
o
'
s
e
a
s
t
-
w
e
s
t
g
r
i
d
i
n
c
r
e
a
s
e
s
.
I
n
1
9
7
5
,
t
h
e
s
t
a
t
i
o
n
o
p
e
r
a
t
e
d
a
t
o
t
a
l
o
f
t
h
r
e
e
m
o
n
t
h
s
.
T
h
e
p
u
l
p
a
n
d
p
a
p
e
r
i
n
d
u
s
t
r
y
i
s
a
n
o
t
h
e
r
l
a
r
g
e
w
a
t
e
r
u
s
e
r
.
O
f
t
h
e
f
o
u
r
m
a
j
o
r
m
i
l
l
s
i
n
t
h
e
a
r
e
a
,
t
h
r
e
e
-
A
b
i
t
i
b
i
P
a
p
e
r
C
o
m
p
a
n
y
L
t
d
.
(
F
o
r
t
W
i
l
l
i
a
m
D
i
v
i
s
i
o
n
)
,
A
b
i
t
i
b
i
F
o
r
e
s
t
P
r
o
d
u
c
t
s
L
t
d
.
(
P
r
o
v
i
n
c
i
a
l
P
a
p
e
r
D
i
v
i
s
i
o
n
)
,
a
n
d
A
b
i
t
i
b
i
F
o
r
e
s
t
P
r
o
d
u
c
t
s
L
t
d
.
(
T
h
u
n
d
e
r
B
a
y
D
i
v
i
s
i
o
n
)
—
w
i
t
h
d
r
a
w
3
0
,
9
0
0
,
7
5
,
9
0
0
,
a
n
d
5
2
,
7
0
0
m
3
/
d
,
r
e
s
p
e
c
t
i
v
e
l
y
,
o
f
w
a
t
e
r
f
o
r
c
o
o
l
i
n
g
a
n
d
p
r
o
c
e
s
s
p
u
r
p
o
s
e
s
(
1
9
7
4
a
v
e
r
a
g
e
s
)
.
T
h
e
f
o
u
r
t
h
,
o
w
n
e
d
a
n
d
o
p
e
r
a
t
e
d
b
y
T
h
e
G
r
e
a
t
L
a
k
e
s
P
a
p
e
r
Co.
L
t
d
.
,
i
s
l
o
c
a
t
e
d
o
n
a
n
d
w
i
t
h
d
r
a
w
s
1
5
1
,
0
0
0
m
3
/
d
o
f
w
a
t
e
r
f
r
o
m
t
h
e
K
a
m
i
n
i
s
t
i
k
w
i
a
R
i
v
e
r
.
S
e
v
e
r
a
l
s
m
a
l
l
i
n
d
u
s
t
r
i
e
s
w
i
t
h
d
r
a
w
p
a
r
t
o
f
t
h
e
i
r
w
a
t
e
r
S
u
p
p
l
y
d
i
r
e
c
t
l
y
f
r
o
m
t
h
e
b
a
y
w
i
t
h
t
h
e
r
e
s
t
o
b
t
a
i
n
e
d
f
r
o
m
the
city.
N
o
r
t
h
e
r
n
W
o
o
d
P
r
e
s
e
r
v
e
r
s
L
t
d
.
t
a
k
e
s
a
p
p
r
o
x
i
m
a
t
e
l
y
160
m
3
/
d
f
r
o
m
the
i
n
n
e
r
h
a
r
b
o
u
r
.
Canada
Malting
Co.
Ltd.
draws,
in
the
mean,
about
2200
m3/d
(or
65%
of
i
t
s
n
e
e
d
)
f
r
o
m
t
h
e
lake.
W
A
S
T
E
W
A
T
E
R
D
I
S
P
O
S
A
L
Some
of
the
waterc0urses
in
the
Thunder
Bay
area
are
used
for
disposal
of
treated
and
untreated
wastes
from
industrial
and
municipal
sources.
The
major
industrial
discharges
originate
from
the
pulp
and
paper
mills
in
the
area.
The
City
of
Thunder
Bay
is
served
by
two
primary
sewage
treatment
plants
with
one
discharging
into
the
McIntyre
River
and
the
other
into
the
Kaministikwia
River.
The
city
has
a
combined
sewer
system
with
numerous
outfalls
to
the
nearest
watercourse.
These
outfalls
will
be
combined
by
mid—1977
and
directed
to
the
sewage
t
r
e
a
t
m
e
n
t
p
l
a
n
t
.
E
L
E
C
T
R
I
C
POWER
PRODUCTION
There are two hydro—electric power generating stations on the
Kaministikwia River upstream from Thunder Bay.
Flow regulations for
these stations are provided by two dams.
An arrangement has been made
to discharge at least 17 m3/s to provide additional dilution water in
the
lower
Kaministikwia
River.
COMMERCIAL AND RECREATIONAL FISHING
Commercial fishing, which seriously declined in 1970 to 1972, has
made a comeback in Thunder Bay. In 1974 the restriction imposed as a
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c
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,
p
e
r
c
h
,
n
o
r
t
h
e
r
n
p
i
k
e
,
a
n
d
b
u
r
b
o
t
.
T
h
e
v
a
l
u
e
o
f
t
h
e
1
9
7
5
c
a
t
c
h
e
x
c
e
e
d
e
d
$
3
0
0
,
0
0
0
.
I
n
1
9
7
4
a
n
g
l
i
n
g
b
e
c
a
m
e
i
m
p
o
r
t
a
n
t
t
o
t
h
e
s
c
u
t
h
w
e
s
t
s
e
c
t
i
o
n
o
f
T
h
u
n
d
e
r
B
a
y
a
n
d
i
n
1
9
7
5
t
o
t
h
e
n
o
r
t
h
e
r
n
s
e
c
t
i
o
n
.
A
n
g
l
e
r
s
e
x
p
e
r
i
e
n
c
e
d
m
o
r
e
a
n
d
b
e
t
t
e
r
f
i
s
h
i
n
g
t
h
a
n
i
n
t
h
e
p
a
s
t
t
w
e
n
t
y
y
e
a
r
s
.
RECREATION
T
h
u
n
d
e
r
B
a
y
a
r
e
a
h
a
s
b
e
e
n
i
n
c
r
e
a
s
i
n
g
l
y
d
e
v
e
l
o
p
e
d
f
o
r
r
e
c
r
e
a
t
i
o
n
a
l
u
s
e
s
.
O
n
t
h
e
n
o
r
t
h
s
h
o
r
e
o
u
t
s
i
d
e
t
h
e
c
i
t
y
t
h
e
r
e
i
s
c
o
n
s
i
d
e
r
a
b
l
e
c
o
t
t
a
g
e
d
e
v
e
l
o
p
m
e
n
t
a
n
d
s
e
v
e
r
a
l
p
u
b
l
i
c
b
e
a
c
h
e
s
.
M
o
s
t
o
f
t
h
e
e
a
s
t
s
h
o
r
e
l
i
e
s
w
i
t
h
i
n
t
h
e
b
o
u
n
d
a
r
i
e
s
o
f
S
i
b
l
e
y
P
r
o
v
i
n
c
i
a
l
P
a
r
k
.
O
t
h
e
r
s
m
a
l
l
r
e
c
r
e
a
t
i
o
n
a
l
a
r
e
a
s
a
r
e
l
o
c
a
t
e
d
s
o
u
t
h
o
f
t
h
e
C
i
t
y
o
f
T
h
u
n
d
e
r
B
a
y
.
P
l
e
a
s
u
r
e
b
o
a
t
i
n
g
i
s
d
e
v
e
l
o
p
i
n
g
e
x
t
e
n
s
i
v
e
l
y
i
n
t
h
e
a
r
e
a
.
T
w
o
m
a
r
i
n
a
s
a
r
e
l
o
c
a
t
e
d
i
n
t
h
e
I
n
n
e
r
H
a
r
b
o
u
r
a
r
e
a
w
h
i
l
e
t
h
e
t
w
o
y
a
c
h
t
c
l
u
b
s
a
n
d
a
t
o
w
i
n
g
c
l
u
b
a
r
e
l
o
c
a
t
e
d
o
n
t
h
e
K
a
m
i
n
i
s
t
i
k
w
i
a
C
h
a
n
n
e
l
o
f
t
h
e
Kaministikwia River.
S
w
i
m
m
i
n
g
i
n
T
h
u
n
d
e
r
B
a
y
h
a
s
n
e
v
e
r
d
e
v
e
l
o
p
e
d
e
x
t
e
n
s
i
v
e
l
y
b
e
c
a
u
s
e
o
f
the cold water.
C
O
M
M
E
R
C
I
A
L
S
H
I
P
P
I
N
G
T
h
u
n
d
e
r
B
a
y
i
s
C
a
n
a
d
a
'
s
w
e
s
t
e
r
n
t
e
r
m
i
n
u
s
o
f
t
h
e
S
t
.
L
a
w
r
e
n
c
e
S
e
a
w
a
y
.
S
h
i
p
s
a
r
e
a
b
l
e
t
o
n
a
v
i
g
a
t
e
u
p
t
h
e
K
a
m
i
n
i
s
t
i
k
w
i
a
R
i
v
e
r
t
o
t
h
e
W
e
s
t
f
o
r
t
t
u
r
n
i
n
g
b
a
s
i
n
a
n
d
o
p
e
r
a
t
e
b
e
h
i
n
d
t
h
e
e
i
g
h
t
k
i
l
o
m
e
t
r
e
b
r
e
a
k
w
a
l
l
t
h
a
t
f
o
r
m
s
T
h
u
n
d
e
r
B
a
y
I
n
n
e
r
H
a
r
b
o
u
r
.
W
h
e
a
t
a
n
d
g
r
a
i
n
p
r
o
d
u
c
t
s
,
i
r
o
n
o
r
e
,
b
u
l
k
c
a
r
g
o
,
p
a
p
e
r
a
n
d
w
o
o
d
p
r
o
d
u
c
t
s
,
o
i
l
,
a
n
d
c
o
a
l
a
r
e
t
h
e
m
a
j
o
r
c
o
m
m
o
d
i
t
i
e
s
h
a
n
d
l
e
d
a
t
T
h
u
n
d
e
r
B
a
y
.
I
n
1
9
7
4
,
t
o
t
a
l
c
a
r
g
o
w
a
s
1
8
.
5
m
i
l
l
i
o
n
t
o
n
n
e
s
.
D
R
E
D
G
I
N
G
D
I
S
P
O
S
A
L
S
e
c
t
i
o
n
s
o
f
t
h
e
l
O
W
e
r
K
a
m
i
n
i
s
t
i
k
w
i
a
a
n
d
M
i
s
s
i
o
n
R
i
v
e
r
s
a
r
e
d
r
e
d
g
e
d
t
o
a
l
l
o
w
c
o
m
m
e
r
c
i
a
l
s
h
i
p
p
i
n
g
u
p
t
o
W
e
s
t
f
o
r
t
t
u
r
n
i
n
g
b
a
s
i
n
.
I
n
t
h
e
p
a
s
t
a
p
p
r
o
x
i
m
a
t
e
l
y
1
4
0
,
0
0
0
m
3
o
f
s
e
d
i
m
e
n
t
,
d
r
e
d
g
e
d
e
a
c
h
y
e
a
r
f
r
o
m
t
h
e
K
a
m
i
n
i
s
t
i
k
w
i
a
R
i
v
e
r
,
w
e
r
e
d
i
s
p
o
s
e
d
o
f
b
y
t
h
e
C
a
n
a
d
a
D
e
p
a
r
t
m
e
n
t
o
f
P
u
b
l
i
c
W
o
r
k
s
i
n
T
h
u
n
d
e
r
B
a
y
n
e
a
r
t
h
e
W
e
l
c
o
m
e
I
s
l
a
n
d
s
.
P
r
e
s
e
n
t
l
y
,
u
n
c
o
n
t
a
m
i
n
a
t
e
d
m
a
t
e
r
i
a
l
d
r
e
d
g
e
d
f
r
o
m
t
h
e
r
i
v
e
r
i
s
b
e
i
n
g
d
i
s
p
o
s
e
d
o
f
w
e
l
l
o
f
f
s
h
o
r
e
i
n
t
h
e
l
a
k
e
a
t
a
M
i
n
i
s
t
r
y
o
f
t
h
e
E
n
v
i
r
o
n
m
e
n
t
(
M
O
E
)
a
p
p
r
o
v
e
d
s
i
t
e
.
S
o
m
e
c
o
n
t
a
m
i
n
a
t
e
d
m
a
t
e
r
i
a
l
w
a
s
d
e
p
o
s
i
t
e
d
i
n
t
o
a
s
e
m
i
—
e
n
c
l
o
s
e
d
b
a
s
i
n
i
n
1
9
7
5
(
s
e
e
a
l
s
o
Chapter 3.8).
WATER QUALITY
In
t
h
e
1
9
7
2
r
e
p
o
r
t
(4
)
o
n
T
h
u
n
d
e
r
B
a
y
it
w
a
s
c
o
n
c
l
u
d
e
d
t
h
a
t
t
h
e
s
u
r
f
a
c
e
w
a
t
e
r
s
i
n
t
h
e
b
a
y
a
r
e
b
e
i
n
g
c
o
n
t
a
m
i
n
a
t
e
d
b
y
l
o
c
a
l
i
n
d
u
s
t
r
i
a
l
a
n
d
m
u
n
i
c
i
p
a
l
w
a
s
t
e
w
a
t
e
r
d
i
s
c
h
a
r
g
e
s
.
I
n
d
u
s
t
r
i
a
l
w
a
s
t
e
w
a
t
e
r
d
i
s
c
h
a
r
g
e
s
a
c
c
o
u
n
t
e
d
fo
r
a
p
p
r
o
x
i
m
a
t
e
l
y
9
5
%
of
t
h
e
B
O
D
in
pu
ts
.
T
h
e
m
o
s
t
s
e
r
i
o
u
s
l
y
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A
 affected
area
was
the
lower
Kaministikwia
River
and
the
area
around
its
mouth.
The
impairment
of
the
Thunder
Bay
Inner
Harbour
was
restricted
to
the
extreme
north
and
south
sections,
which
receive
the
major
waste
inputs.
The
main
changes
are
a
decrease
in
dissolved
oxygen
levels,
increase
in
nutrient
leVels,
and
increase
in
bacterial
contamination
in
excess
of
accepted
criteria
for
swimming
and
bathing(11)(see
Appendix
C).
The
Outer
Harbour
problems
included
bacterial
contamination
and
aesthetic
impairment,
particularly
in
the
vicinity
of
outfalls.
However,
at
the
time
of
the
1970
study
water
quality
degradation
due
to
the
discharges
of
oxygen-consuming
wastes
and
nutrients
was
not
serious.
LIMNOLOGY
To be
able
to determine
the
changes
of Lake
Superior
in the
Thunder
Bay area,
to widen
general knowledge of the
lake, and
to have
baseline
data for the future studies,
a variety of physical, chemical, and
biological parameters were mea3ured (4—6) and are reviewed below.
PHYSICAL LIMNOLOGY
WATER MOVEMENTS AND DISPERSION
Recording current meters were operated at three locations in Thunder
Bay (Figure 4.2—1) between November 1972 and August 1973, in order to
determine the nearshore water dynamics and estimate dispersion characteristics
(6). Monthly records of current meter data were processed by the usual
statistical and time series methods (see for example (7)). Results
indicate slower and more variable currents at the northern location
(142) compared to the southern locations (143 and 144). The southern
currents were generally along the shore and toward the south with
relatively large persistence. Those at the northern location were
variable and with resultants generally toward the shore. In addition,
long periods of stagnation (no measurable currents) were observed,
particularly in the winter. This reflects the effect of ice cover
shielding the water from wind—induced motions. Results indicate that
the bay is flushed from the northeast.
 
Per
iod
s r
ela
ted
to
fun
dam
ent
al
Lak
e S
upe
rio
r o
sci
lla
tio
ns
(8)
wer
e
abs
ent
.
Thu
s,
the
bay
is
qui
te
iso
lat
ed
fro
m t
he
lak
e a
nd
the
pre
dom
ina
nt
fac
tor
s c
ont
rol
lin
g t
he
bay
cur
ren
ts
are
the
loc
al
sho
re
geo
met
ry
and
the
var
iat
ion
of
wat
er
lev
els
in
the
bay
.
Dis
per
sio
n
coe
ffi
cie
nts
ind
ica
te
tha
t
pol
lut
ant
dis
per
sio
n
is
rel
ati
vel
y s
low
er
at
all
loc
ati
ons
in
Th
un
de
r
Ba
y
th
an
in
La
ke
s
Er
ie
an
d
On
ta
ri
o
(6)
.
Re
si
de
nc
e
ti
me
in
th
e
ne
ar
sh
or
e
re
gi
on
co
mp
ut
ed
on
the
ba
Si
s
of
wa
te
r
ch
em
is
tr
y
is
ap
pr
ox
im
at
el
y
22 days.
TEMPERATURE
Mo
nt
hl
y
av
er
ag
e
te
mp
er
at
ur
es
,
st
an
da
rd
de
vi
at
io
ns
,
an
d
mi
ni
mu
m
an
d
ma
xi
mu
m
va
lu
es
ar
e
gi
ve
n
in
Ta
bl
e
4.
2-
1.
Th
e
da
ta
we
re
di
vi
de
d
in
to
th
e
su
rf
ac
e
va
lu
es
(d
ow
n
to
1.
5
m
fr
om
th
e
Su
rf
ac
e)
an
d
bo
tt
om
va
lu
es
(b
el
ow
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TABLE 4.2-1
WATER TEMPERATURE, Oca
     
Mo
nt
h
Ju
ly
Au
gu
st
Oc
to
be
r
19
73
Me
an
17
.1
0
17
.5
3
7.
65
Su
rf
ac
e
St
an
da
rd
De
vi
at
io
n
0.
62
1.
24
0.
90
La
ye
r
Nu
mb
er
of
Sa
mp
le
s
4
86
48
19
73
Me
an
14
.4
5
14
.5
7
7.
50
Bo
tt
om
St
an
da
rd
De
vi
at
io
n
1.
23
4.
16
0.
64
La
ye
r
Mi
ni
mu
m
—
6.
80
6.
50
Ma
xi
mu
m
—
18
.0
0
8.
20
Nu
mb
er
of
Sa
mp
le
s
4
48
45
19
74
Me
an
16
.3
7
—
6.
44
Su
rf
ac
e
St
an
da
rd
De
vi
at
io
n
1.
34
—
0.
42
La
ye
r
Mi
ni
mu
m
11
.2
0
—
5.
80
Ma
xi
mu
m
17
.7
0
—
7.
80
Nu
mb
er
of
Sa
mp
le
s
26
—
27
197
4
Mea
n
11.
25
—
6.3
4
Bot
tom
Sta
nda
rd
Dev
iat
ion
2.9
9
—
0.2
9
La
ye
r
Mi
ni
mu
m
6.
40
—
5.
20
Ma
xi
mu
m
17
.4
0
—
6.
70
Num
ber
of
Sam
ple
s
50
—
84
8-
Al
l
da
ta
co
ll
ec
te
d
do
wn
to
a
de
pt
h
of
1.
5
m
be
lo
w
th
e
su
rf
ac
e
ar
e
in
cl
ud
ed
in
th
e
su
rf
ac
e
me
an
s,
al
l
ot
he
r
va
lu
es
ar
e
in
cl
ud
ed
in
th
e
bottom means.
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_1.5
m
from
the
surface).
July,
August,
and
October
are
presented
as
representative
of
events.
Thermal
stratification
existed
in
July
and
August.
The
mean
surface
layer
temperatures
in
July
and
August
were
from
16.4
to
17.5%
with
the
mean
bottom
layer
values
of
11.6
to
14.6%.
In
October
the
whole
water
column
was
practically
homogenous
in
temperature
with
the
mean
values
of
7.600
in
1973
and
6.40C
in
1974,
respectively.
CHEMICAL LIMNOLOGY
WATER CHEMISTRY SURVEYS
Samples
of
the
water
in
Thunder
Bay
were
collected
from
July
to
October
1973
and May
to October
1974
several
times
a month.
The
sampling
locations
are
shown
in Figure
4.2-2.
There was
generally no significant
difference
in the
chemistry parameters measured
at different
depths.
Surveys were designed to remove bias caused by wind.
Water samples were
analyzed for specific conductance, ammonia,
total Kjeldahl nitrogen,
nitrite, nitrate, total phosphorus, filtered reactive phosphate, chloride,
sulphate, total and fecal coliform, bacteria, chlorophyll a, dissolved
oxygen, and enterococci.
The analytical methods are outlined in (9).
The summary of data is given in the project report on Thunder Bay water
quality (5).
 
CHANGES IN WATER QUALITY BETWEEN 1970 AND 1974
To better understand pollutant exchange and to be able to compare
the change in water quality of the harbour area, the harbour and the
adjacent area were divided into 24 cells with four zones (A,B,C,D)
parallel to the shore and six zones (1,2,3,4,5,6) perpendicular to the
shore (Figure 4.2-2). The segmentation was based partly on the bottom
morphology and partly on the location of the sampling stations.
There are from one to four sampling stations in each cell. It was
assumed that the concentration is homogeneous in each grid; either the
concentration of the sampling station or the mean concentration of all
the
stat
ions
in t
he c
ell
was
used
.
This
grid
syst
em w
as u
sed
to c
alcu
late
the
chan
ge o
f co
ncen
trat
ion
in t
he i
ndiv
idua
l zo
nes
and
to s
how
grap
hica
lly
how
the
conc
entr
atio
n ha
s ch
ange
d ov
er t
he y
ears
.
Some
phys
ical
char
acte
r—
isti
cs
such
as v
olum
e, d
epth
, an
d su
rfac
e ar
ea f
or t
he f
our
zone
s (A
,B,C
,D)
parallel to the shore are given in Table 4.2—2.
Th
e
ch
an
ge
s
in
ke
y
ch
em
ic
al
pa
ra
me
te
rs
are
di
sc
us
se
d
be
lo
w.
LJSSOLVED SOLIDS
To
be
ab
le
to
co
mp
ar
e
19
70
da
ta
fo
r
di
ss
ol
ve
d
so
li
ds
wi
th
19
73
an
d
19
74
da
ta
,
di
ss
ol
ve
d
so
li
ds
fo
r
197
3
an
d
197
4
we
re
es
ti
ma
te
d
fr
om
Sp
ec
if
ic
co
nd
uc
ta
nc
e
da
ta
us
in
g
a
co
nv
er
si
on
fa
ct
or
of
0.
65
(9
).
Th
e
ch
an
ge
s
in
th
e
di
ss
ol
ve
d
so
li
ds
ca
n
be
se
en
fr
om
Fi
gu
re
4.
2-
2.
Th
er
e
is
li
tt
le
.
ch
an
ge
be
tw
ee
n
th
e
ye
ar
s
wi
th
ap
pa
re
nt
de
cr
ea
se
of
th
e
co
nc
en
tr
at
io
ns
in
th
e
ne
ar
sh
or
e
zo
ne
s
(A
an
d
B)
in
19
74
.
Ho
we
ve
r,
th
e
ca
lc
ul
at
io
n
of
th
e
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TAB
LE
4.2
—2
THUNDER BAY. NEARSHORE AREA PARAMETERS
ZON Ea
A
B
c
1)
m B+C+ 1)
Volume |113x106
81.9
207.7
287.6
580.0
1157
Mean Depth m
4.55
9.15
15.8
19.4
13.0
2
Surface Area km
18.0
22.7
13,2
29.9
88.8
YEAR
‘1970- —1973— —1974- -1970- -1973- -1974- -l970— -1973- -1974— -1970- -I973- -1974- -1970— -1973— —1‘,‘7’4~
Dissolved
mg/é 70.7
73.8
68.8
65.5
66.6
66.3
65.0
64.7
64.7
62.3
64.5
64.3
64.1
65.6
65.1
Solids
t
5790
6050
5640
13600 12800 13800
18700 18600 18600
36200 37500 37400
74300 76000 75400
I
Total
mg/€ 0.0252 0.0400 0.0548
0.0093 0.0164 0.0338 0.0069 0.0135 0.0200 0.0074 0.0121 0.0298 0.0089 0.0152 0.0299
Phosphorus
t
2.06
3.28
4.48
1.94
3.40
7.02
1.98
3.88
5.87
4-28
7-04
17.32
10.27
17.60
39-59
Total
mg/e 0.387 0.455 0.324
0.313 0.339 0.269
0.309 0.377 0.195 0.298 0.367 0.187
0.310 0.310 0.213
Nitrogen
c
31.7
37.3
26.5
65.1
70.5
55.9
88.9 108.6
56.2
173.3 213.4 108.6
359
430
247
Ratio
Total N: Total P
15.4
11.4
5.9
33.6
20.7
8.0
44.8
27.9
9.8
40-3
30-3
6-3
3"«8
24-4
7.12
Total Coliforms per
100 mt, Geom. Means
3219
—
1640
1406
—
438
672
46
108
451
40
31
1486
-
450
Chlorophyll a pg/l -
1.53 -
-
1.31
-
- 1.08
-
- 1.06 —
—
1.24 _
       
a. Individual zones are shown in Figure 4.2—2.
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c
h
t
y
p
e
.
T
h
e
s
p
r
e
a
d
i
n
a
r
i
t
h
m
e
t
i
c
m
e
a
n
s
i
s
a
n
i
n
d
i
c
a
t
i
o
n
o
f
t
h
e
p
r
o
b
l
e
m
o
f
t
h
e
d
e
t
e
r
m
i
n
a
t
i
o
n
o
f
t
h
e
a
s
b
e
s
t
o
s
f
i
b
r
e
s
a
n
d
t
o
d
a
t
e
t
h
e
r
e
i
s
n
o
e
v
i
d
e
n
c
e
t
o
s
u
g
g
e
s
t
t
h
a
t
a
n
y
l
a
b
o
r
a
t
o
r
y
i
s
m
o
r
e
c
o
r
r
e
c
t
t
h
a
n
t
h
e
o
t
h
e
r
s
.
I
n
t
h
e
a
b
s
e
n
c
e
o
f
a
s
t
a
n
d
a
r
d
,
i
t
i
s
n
o
t
p
o
s
s
i
b
l
e
t
o
a
s
s
e
s
s
t
h
e
s
i
g
n
i
f
i
c
a
n
c
e
o
f
t
h
e
o
b
s
e
r
v
e
d
l
e
v
e
l
s
t
o
p
u
b
l
i
c
h
e
a
l
t
h
;
h
o
w
e
v
e
r
,
a
n
M
O
E
c
o
m
p
a
r
i
s
o
n
o
f
t
h
e
l
e
v
e
l
s
i
n
T
h
u
n
d
e
r
B
a
y
t
o
r
e
s
u
l
t
s
f
o
u
n
d
a
t
o
t
h
e
r
l
o
c
a
t
i
o
n
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
s
h
o
w
s
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
a
t
T
h
u
n
d
e
r
B
a
y
t
o
b
e
l
o
w
e
r
t
h
a
n
t
h
e
m
e
a
n
.
B
O
T
T
O
M
S
E
D
I
M
E
N
T
S
C
o
r
e
a
n
d
d
r
e
d
g
e
s
a
m
p
l
e
s
(
5
)
o
f
t
h
e
b
o
t
t
o
m
s
e
d
i
m
e
n
t
s
w
e
r
e
c
o
l
l
e
c
t
e
d
i
n
z
o
n
e
A
(
F
i
g
u
r
e
4
.
2
-
2
)
,
a
n
d
a
n
a
l
y
z
e
d
f
o
r
h
e
a
v
y
m
e
t
a
l
s
.
T
h
e
r
e
s
u
l
t
s
a
r
e
i
n
T
a
b
l
e
4
.
2
—
4
.
T
h
e
n
u
m
b
e
r
o
f
s
a
m
p
l
e
s
i
s
r
e
l
a
t
i
v
e
l
y
s
m
a
l
l
a
n
d
i
t
i
s
q
u
e
s
t
i
o
n
a
b
l
e
h
o
w
w
e
l
l
t
h
e
r
e
s
u
l
t
s
r
e
p
r
e
s
e
n
t
t
h
e
w
h
o
l
e
a
r
e
a
.
R
e
l
a
t
i
v
e
l
y
h
i
g
h
c
o
n
—
c
e
n
t
r
a
t
i
o
n
s
o
f
m
e
r
c
u
r
y
i
n
s
u
r
f
i
c
i
a
l
s
e
d
i
m
e
n
t
s
w
e
r
e
f
o
u
n
d
i
n
t
h
e
c
e
l
l
A
6
(
F
i
g
u
r
e
4
.
2
—
2
)
w
i
t
h
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
s
h
i
g
h
a
s
2
7
m
g
/
k
g
.
T
h
e
a
v
e
r
a
g
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
m
e
r
c
u
r
y
i
n
s
e
d
i
m
e
n
t
s
o
u
t
s
i
d
e
t
h
e
A
6
a
r
e
a
i
s
0
.
1
0
6
mg kg.
'
1
9
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ANALYSIS FOR ASBESTOS FIBRES IN WATER
TABLE 4.2-3
COMPARISON OF THE RESULTS OF
 
RANGE
LABORATORY MEAN (million fibres/52.)
Canada Centre for Inland Waters,
Burlington 0.63 0.2 to 1.0
McMaster University, Hamilton 8,45 3,4 to 29
Ontario Research Foundation, Mississauga 0.06 BLDa to 0.16
  
a. BLD — below detection limit of 0.01 million fibres/5L.
TABLE 4.2—4
LAKE-BOTTOM SEDIMENTS ANALYSES, THUNDER BAY. NEARSHORE
      
CONCENTRATIONS IN mg /kg
Number of
Ele
men
t
Ave
rag
e
Min
imu
m
Max
imu
m
Sam
ple
s
Hg
2. 9
7
0. 0
44
27
13
Cr
26.
5
7. 7
46
12
Pb
53.
6
39
72
5
Zn
95.
5
55
161
12
As
4.
4
3.
6
5.
2
2
Mn
47
5
32
0
63
0
2
Ni
51
. 3
46
60
3
Cd
1.
33
0.
96
l.
7
2
TABLE 4.2-5
L
A
K
E
—
B
O
T
T
O
M
S
E
D
I
M
E
N
T
S
A
N
A
L
Y
S
E
S
.
T
H
U
N
D
E
R
B
A
Y
C
O
N
C
E
N
T
R
A
T
I
O
N
S
I
N
m
g
/
k
g
E
l
e
m
e
n
t
M
i
n
i
m
um
M
a
xi
m
um
Ca
32
,
60
0
15
5,
00
0
K
1
3
,
1
0
0
3
5
,
0
0
0
N
a
10
,
00
0
20
,
60
0
M
g
14
,
50
0
55
,
60
0
S
r
1
7
.
3
5
2
.
F
e
31
,
50
0
62
,
30
0
M
n
4
9
8
7
, 5
9
0
Z
n
7
0
7
2
3
N
i
5
0
1
0
1
C
r
8
1
1
1
7
C
0
3
4
6
0
C
u
2
7
1
0
3
P
3
8
6
l
,
6
2
7
     
 Luv-‘1“: 3w
H“
‘
L
a
k
e
—
b
o
t
t
o
m
s
e
d
i
m
e
n
t
s
a
t
2
0
1
s
t
a
t
i
o
n
s
(
1
4
)
w
e
r
e
c
o
l
l
e
c
t
e
d
i
n
1
9
7
4
.
T
h
e
s
a
m
p
l
e
c
o
l
l
e
c
t
i
o
n
a
r
e
a
c
o
i
n
c
i
d
e
s
w
i
t
h
t
h
e
a
r
e
a
s
h
o
w
n
i
n
F
i
g
u
r
e
4
.
2
—
1.
M
e
t
a
l
s
a
n
d
p
h
o
s
p
h
o
r
u
s
r
e
s
u
l
t
s
a
r
e
g
i
v
e
n
i
n
T
a
b
l
e
4
.
2
—
5
.
T
h
e
r
e
w
e
r
e
s
o
m
e
g
e
n
e
r
a
l
t
r
e
n
d
s
i
n
t
h
e
s
p
a
t
i
a
l
d
i
s
t
r
i
b
u
t
i
o
n
o
f
t
h
e
v
a
r
i
o
u
s
e
l
e
m
e
n
t
s
.
I
r
o
n
,
n
i
c
k
e
l
,
a
n
d
c
h
r
o
m
i
u
m
w
e
r
e
i
r
r
e
g
u
l
a
r
l
y
d
i
s
t
r
i
b
u
t
e
d
t
h
r
o
u
g
h
o
u
t
t
h
e
a
r
e
a
.
Z
i
n
c
,
c
o
b
a
l
t
,
c
o
p
p
e
r
,
a
n
d
p
h
o
s
p
h
o
r
u
s
i
n
c
r
e
a
s
e
d
i
n
d
e
e
p
e
r
w
a
t
e
r
zo
n
e
s
.
S
o
d
i
u
m
,
m
a
g
n
e
s
i
u
m
,
a
n
d
s
t
r
o
n
t
i
u
m
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
h
i
g
h
e
s
t
i
n
t
h
e
n
o
r
t
h
—
c
e
n
t
r
a
l
s
e
c
t
i
o
n
o
f
t
h
e
b
a
y.
T
h
e
h
i
g
h
e
s
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
c
a
l
c
i
u
m
w
e
r
e
f
o
un
d
w
i
t
h
i
n
th
e
b
r
e
a
k
w
a
t
e
r
an
d
at
th
e
1
n
o
r
t
h
e
r
n
s
e
c
t
i
o
n
n
e
a
r
t
h
e
b
r
e
a
k
w
a
t
e
r
w
h
i
l
e
t
h
e
h
i
g
h
e
s
t
p
o
t
a
s
s
i
u
m
c
o
n
c
e
n
t
r
a
t
i
o
n
s
‘
w
e
r
e
w
i
t
h
i
n
t
h
e
b
r
e
a
k
w
a
t
e
r
a
n
d
i
n
t
h
e
e
a
s
t
e
r
n
p
a
r
t
of
t
h
e
s
t
u
d
y
a
r
e
a
.
E
X
C
H
A
N
G
E
OF
P
O
L
L
U
T
A
N
T
S
B
E
T
W
E
E
N
N
E
A
R
S
H
O
R
E
A
N
D
O
F
F
S
H
O
R
E
W
A
T
E
R
S
P
a
l
m
e
r
‘
s
m
e
t
h
o
d
(1
5)
w
a
s
u
s
e
d
to
e
s
t
i
m
a
t
e
t
h
e
e
x
c
h
a
n
g
e
b
e
t
w
e
e
n
t
h
e
n
e
a
r
s
h
o
r
e
an
d
o
f
f
s
h
o
r
e
wa
t
e
r
s
.
“i
iﬂ
T
h
e
m
e
t
h
o
d
a
s
s
u
m
e
s
s
t
e
a
d
y
s
t
a
t
e
c
o
n
d
i
t
i
o
n
s
(
c
o
n
s
t
a
n
t
f
l
o
w
s
,
c
o
n
—
:[
,V
s
t
a
n
t
l
o
a
d
i
n
g
s
,
c
o
n
s
t
a
n
t
a
n
d
h
o
m
o
g
e
n
o
u
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
t
h
e
c
e
l
l
s
)
a
n
d
”
n
o
p
r
e
c
i
p
i
t
a
t
i
o
n
i
n
t
h
e
n
e
a
r
s
h
o
r
e
zo
n
e
.
T
h
e
s
e
a
s
s
u
m
p
t
i
o
n
s
a
r
e
n
e
v
e
r
s
t
r
i
c
t
l
y
m
a
i
n
t
a
i
n
e
d
as
b
o
t
h
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
n
d
f
l
o
w
s
d
o
c
h
a
n
g
e
w
i
t
h
t
i
m
e
,
d
an
d
c
e
r
t
a
i
n
a
m
o
un
t
s
of
w
a
t
e
r
a
n
d
c
h
e
m
i
c
a
l
s
a
r
e
b
r
o
u
g
h
t
in
w
i
t
h
p
r
e
c
i
p
i
t
a
t
i
o
n
.
‘
f
‘
ﬁ
:
By
a
v
e
r
a
g
i
n
g
t
h
e
r
e
s
u
l
t
s
o
v
e
r
a
l
o
n
g
p
e
r
i
o
d
of
t
i
m
e
(
ye
a
r
)
t
h
e
f
l
o
w
a
n
d
i“
c
o
n
c
e
n
t
r
a
t
i
o
n
v
a
r
i
a
t
i
o
n
s
a
r
e
a
v
e
r
a
g
e
d
ou
t.
H
o
we
ve
r
,
th
e
r
e
s
ul
t
s
s
h
o
ul
d
I
)
?
b
e
t
a
k
e
n
as
a
n
a
p
p
r
o
x
i
m
a
t
i
o
n
o
n
l
y.
F
o
r
e
v
a
l
u
a
t
i
o
n
a
n
d
c
o
m
p
a
r
i
s
o
n
o
f
t
h
e
n
e
a
r
s
h
o
r
e
—
o
f
f
s
h
o
r
e
e
s
t
i
m
a
t
i
o
n
m
e
t
h
o
d
s
s
e
e
C
h
a
p
t
e
r
4
.
5
.
T
h
e
c
a
l
c
u
l
a
t
e
d
v
a
l
u
e
s
of
th
e
r
e
s
i
d
e
n
c
e
ti
me
,
n
um
b
e
r
of
f
l
u
s
h
i
n
g
s
pe
r
ye
ar
(d
ef
in
ed
as
th
e
ra
ti
o
of
th
e
to
ta
l
vo
lu
me
of
wa
te
r
pa
ss
in
g
th
ro
ug
h
th
e
in
sh
or
e
zo
ne
an
d
th
e
to
ta
l
vo
lu
me
of
th
is
zo
ne
),
an
d
pr
e—
d
i
c
t
e
d
e
xc
e
s
s
o
r
d
e
f
i
c
i
t
va
l
ue
s
fo
r
p
h
o
s
p
h
o
r
u
s
an
d
n
i
t
r
o
g
e
n
ar
e
g
i
ve
n
in
T
a
b
l
e
4.
2-
6.
R
e
s
ul
t
s
a
r
e
s
e
n
s
i
t
i
v
e
to
m
a
n
y
f
a
c
t
o
r
s
i
n
c
l
u
d
i
n
g
th
e
l
o
a
d
i
n
g
va
lu
es
an
d
ba
ck
gr
ou
nd
co
nc
en
tr
at
io
ns
in
th
e
of
fs
ho
re
ar
ea
s.
Fo
r
th
is
an
al
ys
is
th
e
ba
ck
gr
ou
nd
co
nc
en
tr
at
io
ns
we
re
ba
se
d
on
th
e
lo
we
st
va
lu
es
fo
un
d
in
zo
ne
D
as
we
ll
as
on
in
fo
rm
at
io
n
fr
om
Sc
he
ls
ke
an
d
Ro
th
(2
),
S
c
h
e
l
s
k
e
,
a
t
al
.
(1
0)
,
a
n
d
B
e
e
t
o
n
(1
).
T
h
e
l
o
a
d
i
n
g
s
u
s
e
d
f
o
r
c
a
l
c
u
l
a
t
i
o
n
of
ex
ch
an
ge
s
fo
r
19
73
an
d
19
74
ar
e
sh
ow
n
in
Ta
bl
e
4.
2—
7
an
d
ar
e
ba
se
d
on
1‘
W‘
;
th
e
lo
ad
in
g
da
ta
su
mm
ar
iz
ed
in
Ch
ap
te
r
3.
Th
e
lo
ad
in
gs
fo
r
19
70
we
re
5
35
;?
ta
ke
n
fr
om
th
e
19
72
re
po
rt
(4
).
 
Th
e
ca
lc
ul
at
ed
fl
us
hi
ng
ti
me
s
ch
an
ge
fr
om
80
da
ys
fo
r
19
70
to
23
z
.
,
an
d
21
da
ys
fo
r
19
73
an
d
19
74
re
sp
ec
ti
ve
ly
.
Th
e
re
su
lt
s
fo
r
19
70
ar
e
L‘
;p
§%
no
t
re
li
ab
le
as
th
e
va
lu
es
of
lo
ad
in
gs
ar
e
ba
se
d
on
li
mi
te
d
da
ta
.
Fo
r
‘
ex
am
pl
e,
th
e
lo
ad
in
g
fl
ow
s
fo
r
19
70
we
re
on
e-
th
ir
d
of
19
73
da
ta
.
Th
is
ch
an
ge
s
th
e
re
su
lt
s
by
a
fa
ct
or
of
th
re
e.
It
is
be
li
ev
ed
th
at
th
e
19
73
an
d
19
74
da
ta
ar
e
mo
re
re
li
ab
le
.
Th
er
e
ar
e
so
me
in
fe
re
nc
es
th
at
ca
n
be
ma
de
in
th
e
pr
ed
ic
te
d
ex
ce
ss
of
65
%
in
19
70
an
d
de
fi
ci
t
of
19
%
in
19
74
.
Th
e
po
si
ti
ve
va
lu
es
in
di
ca
te
th
at
mo
re
ph
os
ph
or
us
is
be
in
g
br
ou
gh
t
in
to
th
e
ar
ea
th
an
is
ta
ke
n
ou
t
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TABLE 4.2-6
MASS
EXCHANGE
IN
THE
NEARSHORE
AREA
 
1970
1973
1974
 
Calculated
number
of
flushings/year
4.55
Residence
Time
(days)
80.2a
Predicted
Excess
(+)
or
Deficit
(-)
in
nearshore
zone
percent
of
input
—
Phosphorus
64.6
—
Nitrogen
—59.0
 
16.8
21.7
44.6
-43.9
 
16
.2
22.6
-24.8
47.4
a.
Unrealistically
low
available
loading
data,
resulting
value
is
too
high.
 
  
2
0
0
 
 
T
A
B
L
E
4
.
2
—
7
ES
TI
MA
TE
D
MUN
ICI
PAL
,
IN
DU
ST
RI
AL
AND
TR
IB
UT
AR
Y
LO
AD
IN
GS
T0
TH
UN
DE
R
BAY
a
SOU
RCE
ME
AN
CO
NC
EN
TR
AT
IO
N,
mg
/Q
MEA
N L
OAD
ING
S,
t/a
 
Mean
Flow
m3x106/a
Di
ss
ol
ve
d
So
li
ds
Tot
al
P
To
ta
l
N
So
li
ds
Disso
lved
Total
P
Total
N
Kam
ini
sti
kwi
a R
.
Cu
rr
en
t
R.
Ne
eb
in
g
R.
McI
nty
re
R.
McVica
r Bank
Thu
nde
r B
ay
STP
—So
uth
Thun
der
Bay
STP-
Nort
hb
Abi
tib
i P
ape
r C
o.
‘
For
t W
ill
iam
Div
.
b
Gre
at
Lak
es
Pap
er
Co.
Dow
Che
mic
al
Co.
b
Ind
ust
ria
l G
rai
n P
rod
.b
Can
ada
Mal
tin
g C
o.
Nor
the
rn
Woo
d P
res
.
Abi
tib
i
For
est
Pro
d.
Pro
vin
cia
l P
ape
r C
o.
Abi
tib
i F
ore
st
Pro
d.
Thu
nde
r B
ay
Div
.
2634.0
240.0
76.8
72.7
18.1
10
.0
10.8
11
.1
170
.0
69
.6
241
.0
239
.0
222
.0
345
.0
34
7.
0
162
0.0
250
0.0
13
6
45
60
7
9
2
250
14
50
14
30
0.
06
5
0.
01
8
0.0
73
1.
03
6
0.0
64
3
.
0
8
3
.
4
8
0.3
43
0.3
55
0.
00
0
5
3
.
0
9
.
8
0
21.0
0.2
56
0.4
47
0.
71
8
0.
56
2
0.9
67
185
00
6.0
94
174
00
0.7
02
402
0
21.
9
345
0
23.
0
374
5
1.8
40
180
00
447
000
167
00
1.9
10
_16
000
0
0.
00
8
46
7
17
8.
0
22
80
33
.8
10
30
25.
0
2
2.7
6
385
00
2.
16
28
10
0
172
.00
4.34
5.
61
75.
30
1.16
30
.8
0
37
.6
0
3.
81
22.70
0.00
26.50
12.
70
0.
17
6.79
8.77
18
90
.0
135.0
74.3
443
.0
12.7
 
Sum
of
m
e
a
n
loa
din
gs
or
con
cen
tra
tio
ns
19
1
0.
11
2
0.
97
7
59
50
00
C
  
a.
Ave
rag
es
bas
ed
on
197
3,
197
4 a
nd
197
5 d
ata
.
b.
Not
inc
lud
ed
in
the
sum
as
the
y
c.
The
se
sum
s d
o n
ot
inc
lud
e s
our
ces
ar
e
al
re
ad
y
in
cl
ud
ed
no
te
d
un
de
r
b.
in
th
e
tr
ib
ut
ar
y
st
re
am
s.
a
”
(
w
.
.
4
.
 with
the
water
moving
through
the
zones.
This
can
be
explained
as
a
result
of
excess
phosphorus
being
removed
by
sedimentation,
probably
after
part
of
it
is
first
used
by
phytoplankton
and/or
by
an
increase
in
phosphorus
concentration
in
the
area
by
the
end
of
the
period.
The
negative
1974
value
indicates
that
less
phosphorus
was
brought
into
the
area
than
was
carried
out.
This
could
result
either
from
release
of
phosphorus
from
the
sediments
or
from
a
decrease
in
the
phosphorus
concentration
in
the
area
by
the
end
of
1974.
The
latter
possibility,
based
on
this
simple
model,
would
be
supported
if
the
1975
data
show
a
decline
in
phosphorus
concentrations.
For
nitrogen,
negative
values
were
obtained
for
1970
and
1973
data.
While
no
conclusion
can
be
made
from
rates
between
1970
and
1973
as
there
are
no
data
available
for
1971
and
1972,
it
is
interesting
to
note
that,
actually,
the
amount
of
nitrogen
in
the
area
in
1974
has
declined
in
comparison
with
1973.
The
positive
value
for
1974
suggested
that
more
nitrogen
was
being
brought
into
the
area
than
was
carried
away
and
that
an
increase
can
be
expected
in
1975.
The
values
of
the
residence
times
are
different
from
that of Palmer
(15)
(40 days)
which may be
attributed
to
different
loading
and
concentration data.
AQUATIC BIOLOGY
MICROBIOLOGY
Total and fecal/coliform counts were determined in 1970, 1973, and
1974 (4,5). In 1973, numerous bacti samples could not be counted as
inadequate dilutions were used in the laboratory. These samples are not
used in computing statistical values and comparisons with other years
for these data are not made. The geometric mean total coliform values
in the individual zones aregiven in Table 4.2-2 and also shown in
Figure 4.2—6. The mean values decreased between 1970 and 1974. No data
are available for the northern part of the area in 1974. There is an
apparent improvement in the total coliform counts in the southern area.
The Ontario criteria (11) for body contact (1000 coliforms/IOO mﬂ) were
exceeded in zone A in 1970 and 1974 while in zone B only 1970 data are
over the limit. Ontario surface water criteria (5000 coliforms/IOO mﬂ)
were not exceeded in this area.
 
FISH
A fish sampling program (16) was carried out to determine baseline
levels of selected contaminants in sport and commercially valuable fish
spe
cie
s c
oll
ect
ed
in
Thu
nde
r B
ay.
The
res
ult
s a
re
sho
wn
in
Tab
le
4.2—
8.
PCB AND PESIJCTDES
Pre
sen
tly
the
re
are
no
Can
adi
an
reg
ula
tio
ns
gov
ern
ing
lev
els
of
pes
tic
ide
s
in
edi
ble
por
tio
ns
of
fre
sh
wat
er
fis
h.
The
pro
pos
ed
Agr
eem
ent
obj
ect
ive
for
tot
al
PCB
's
in
who
le
fis
h
on
a w
et
wei
ght
ba5
1s
is
0.1
Hg
/g
fo
r
th
e
pr
ot
ec
ti
on
of
fi
sh
—c
on
su
mi
ng
bi
rd
s
an
d
an
im
al
s
(1
7)
.
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4.2—8
THU
NDE
R B
AY
FIS
H A
NAL
YSE
S
a b
Whit
efis
ha’b
Lake
Trou
ta’b
Lake
Herr
ing
’
 
Param
eter
Mean
Stand
ard
Mean
Stand
ard
Mean
Stand
ard
Devi
atio
n
Devi
atio
n
Devi
atio
n
Dield
rin
25.1
11.7
43.6
11.6
19.6
2.7
PCB
799
184
A 1
720
315
706
205
pp '
DDE
235
82
513
95
284
59
pp
'DDD
35.5
7.8
.
45.9
11.5
30.9
7.3
pp '
DDT
162
42
103
47
172
53
Op '
DDT
67.9
14.3
102
22
64.5
13.9
ZDDT +
Metabo
lites
501
—
865
—
552
-
CU
0.5
1
0.3
8
0.4
9
0.2
6
0.4
9
0.1
3
Ni
0.22
0.32
<0.0
2-0.
25
-
<0.0
2
-
Pb
1.21
1.60
<0.
2-4
.98
—
<0.
02
-
Zn
4.0
9
0.6
2
3.3
9
0.6
7
6.2
1
1.92
Cd
0.0
8
0.0
3
0.2
8
0.4
4
0.0
6
0.0
2
Mn
0.1
5
0.0
7
0.1
5
0.1
2
0.2
0
0.0
6
A8
<0.
01—
0.1
1
—
<0.
01-
0.3
0
-
0.1
3
0.0
3
Cr
1.01
0.58
0.60
0.56
0.18
0.09
Se
0.11
0.04
0.15
0.08
0.16
0.03
Hg
0.12
0.03
0.70c
0.06
0.17
0.02
Gross
a pCi/
g
<1.0
—
<1.0
—
<1.0
—
Gross
B pCi/
g
2.59
0.63
1.88
1.38
3.80
0.36
2
0
3
    
a. M
eans c
alcula
ted f
rom10
sample
s, eac
h cons
isting
of a c
omposi
te of
flesh
from f
ive fi
sh.
Pesticide
and PCB r
esults in
ug/kg.
Heavy
metal
result
s in m
g/kg.
b. I
f more
than 1
5% of
the re
sults
are le
ss tha
n (<)
values
, the
range
is sho
wn.
C- Mean
exceeds C
anada Hea
lth Prote
ction Gui
deline fo
r the pro
tection o
f consume
rs of fis
h and aqu
atic
life (see also Ap
pendix C).
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b
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d
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D
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L
a
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p
l
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c
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c
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b
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r
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b
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r
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p
h
i
c
l
e
v
e
l
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H
E
A
V
Y
M
E
T
A
L
S
T
a
b
l
e
4
.
2
—
8
a
l
s
o
p
r
e
s
e
n
t
s
t
h
e
d
a
t
a
f
o
r
h
e
a
v
y
m
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t
a
l
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n
c
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p
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c
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b
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c
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p
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e
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i
 are
predominantly
from
north
to
south
with
the
currents
generally
slower
for
the
north
part
of
the
bay.
This
is
important
for
determination
of
the fate of pollutants in the region.
Thunder
Bay
is
a
rapidly
growing
community.
Both
the
industrial
development
and
population are
expected
to increase
in
the near future.
At
present,
expansion
programs
are
underway
on the Ontario
Hydro
Thermal
Generating
Station
and
Great
Lakes
Paper
Company,
a
new
coal
handling
terminal
is being
constructed,
and
other
smaller developments
are
progressing.
The
importance
of Thunder
Bay as
a port
is increasing,
with
expected
rises in the amounts of grain,
lumber, ore, chemicals,
and other commodities
shipped.
All these expansions will result in population growth and will
have direct or indirect impact on water use and pollution and/or degradation
in the area.
The municipal water supply with a total capacity of 105,000 m3/d is
expected to be able to meet the projected demands for the next 20 years.
The expansion of the municipal primary sewage treatment plant capacity
from 27,000 m3/d to 110,000 m3/d will, when finished in 1977, have
adequate capacityto handle the municipal sewage. This construction
program will essentially remove all untreated sewage discharges to
watercourses in and around Thunder Bay. No nutrient removal program is
planned at this time. The need for nutrient removal program should be
reassessed, as the documented rapid increase of phosphorus concentrations
in the area could lead to a serious degradation of the nearshore waters.
Of the total phosphorus loadings into the Bay, the municipal and industrial
sources account for about 43%. Of this, 23% are industrial while 20%
are the municipal discharges. Municipal and industrial sources of total
nitrogen account for only 28% of the total with 13% for the industrial
and 15% for the municipal discharges. The percentage of the uncontrollable
sou
rce
s o
f t
he
nut
rie
nts
(ma
inl
y l
and
dra
ina
ge)
is
qui
te
high
; t
her
efo
re,
a p
oin
t s
our
ce
nut
rie
nt
rem
ova
l p
rog
ram
wou
ld
be
onl
y p
art
ial
ly
eff
ect
ive
.
The
re
is
a s
mal
l
amo
unt
of
asb
est
os
fib
res
in
the
mun
ici
pal
wat
er
su
pp
ly
in
Th
un
de
r
Bay
.
No
co
nc
lu
si
on
on
the
po
ss
ib
le
he
al
th
ef
fe
ct
s
ca
n
be
ma
de
at
th
e
pr
es
en
t
tim
e,
as
ne
it
he
r
the
an
al
yt
ic
al
me
th
od
s
are
rel
iab
le
nor
any
sat
isf
act
ory
sta
nda
rd
for
asb
est
os
fib
res
in
dri
nki
ng
water is available.
Me
rc
ur
y
is
st
il
l
a
pr
ob
le
m
in
Th
un
de
r
Ba
y.
La
ke
tr
ou
t
sa
mp
le
s
fr
om
.
19
73
an
d
19
74
ha
d
a
me
rc
ur
y
co
nt
en
t
ab
ov
e
th
e
re
co
mm
en
de
d
sa
fe
co
nc
en
tr
at
io
n
fo
r
hu
ma
n
co
ns
um
pt
io
n
wh
il
e
th
e
sa
mp
le
s
of
Wh
it
ef
is
h
an
d
he
rr
in
g
ha
d
co
nc
en
tr
at
io
ns
be
lo
w
th
e
ma
xi
mu
m
sa
fe
le
ve
l.
Th
e
si
tu
at
io
n
sh
ou
ld
be
.
im
pr
ov
in
g
si
nc
e
th
e
cl
os
ur
e
of
th
e
Do
w
Ch
em
ic
al
Co
mp
an
y'
s
ch
lo
r—
al
ka
li
pl
an
t
on
th
e
Ka
mi
ni
st
ik
wi
a
Ri
ve
r
in
19
73
.
Dr
ed
ge
d
ma
te
ri
al
s
ar
e
te
st
ed
fo
r
me
rc
ur
y
co
nt
en
t
an
d
on
ly
un
co
nt
am
in
at
ed
ma
te
ri
al
13
di
sp
os
ed
of
In
the lake.
S
e
ve
r
a
l
a
d
d
i
t
i
o
n
a
l
re
me
di
al
me
aS
ur
es
ar
e
be
in
g
ca
rr
ie
d
ou
t
by
th
e
lo
ca
l
in
du
st
ri
es
,
in
cl
ud
in
g
su
lp
hi
te
mi
ll
ex
pa
ns
io
n
an
d
co
nv
er
si
on
to
wa
rd
th
e
lo
ad
re
du
ct
io
n
wi
th
th
e
co
mp
le
te
re
cy
cl
e
of
kr
af
t
mi
ll
by
th
e
Great Lakes Paper Company Ltd.
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 B
a
c
t
e
r
i
a
l
c
o
n
t
a
m
i
n
a
t
i
o
n
i
s
n
o
t
s
e
r
i
o
u
s
e
x
c
e
p
t
i
n
t
h
e
I
n
n
e
r
H
a
r
b
O
u
r
w
h
e
r
e
t
h
e
c
r
i
t
e
r
i
a
f
o
r
b
o
d
y
c
o
n
t
a
c
t
a
r
e
f
r
e
q
u
e
n
t
l
y
e
x
c
e
e
d
e
d
.
D
u
e
t
o
i
t
s
p
o
p
u
l
a
t
i
o
n
a
n
d
i
n
d
u
s
t
r
i
a
l
i
z
a
t
i
o
n
,
T
h
u
n
d
e
r
B
a
y
i
s
o
n
e
o
f
t
h
e
"
a
r
e
a
s
o
f
c
o
n
c
e
r
n
"
o
n
L
a
k
e
S
u
p
e
r
i
o
r
.
B
e
c
a
u
s
e
h
i
s
t
o
r
i
c
a
l
d
a
t
a
a
r
e
s
c
a
r
c
e
a
n
d
i
n
c
o
m
p
l
e
t
e
,
t
h
e
t
r
e
n
d
s
i
n
w
a
t
e
r
q
u
a
l
i
t
y
c
a
n
n
o
t
b
e
e
s
t
a
b
l
i
s
h
e
d
w
i
t
h
m
u
c
h
c
o
n
f
i
d
e
n
c
e
y
e
t
,
e
v
e
n
t
h
o
u
g
h
s
o
m
e
w
a
t
e
r
q
u
a
l
i
t
y
d
e
g
r
a
d
a
t
i
o
n
i
s
a
p
p
a
r
e
n
t
.
T
h
e
b
a
s
e
l
i
n
e
d
a
t
a
a
r
e
n
o
w
a
v
a
i
l
a
b
l
e
a
n
d
f
u
t
u
r
e
c
h
a
n
g
e
s
c
a
n
b
e
d
e
t
e
c
t
e
d
.
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DESCRIPTION OF THE STUDY AREA
GE
OL
OG
Y
AN
D
TO
PO
GR
AP
HY
The
Dul
uth
-Su
per
ior
Har
bor
(Fi
gur
e 4
.3-
1)
is
loc
ate
d a
t t
he
sou
th-
wes
ter
n
tip
of
Lak
e
Sup
eri
or.
The
har
bou
r s
erv
es
as
the
eco
nom
ic
bas
e
for
th
e
ci
ti
es
of
Du
lu
th
,
Mi
nn
es
ot
a
an
d
Sup
er
io
r,
Wi
sc
on
si
n
wh
ic
h
co
mb
in
ed
ha
ve
a
me
tr
op
ol
it
an
po
pu
la
ti
on
of
ap
pr
ox
im
at
el
y
138
,00
0
peo
ple
.
Th
e
ha
rb
ou
r
co
ns
is
ts
of
tw
o
ma
jo
r
ba
ys
—
St.
Lo
ui
s
Ba
y
to
th
e
we
st
an
d
Su
pe
ri
or
Ba
y
to
th
e
ea
st
.
St.
Lo
ui
s
Ba
y
ha
sa
su
rf
ac
e
ar
ea
of
9.
7
km
z.
Su
pe
ri
or
Ba
y
ha
s
a
su
rf
ac
e
ar
ea
of
14
.3
km
2
(3
,4
).
Th
e
St
.
Lo
ui
s
Ri
ve
r,
wh
ic
h
fl
ow
s
in
to
St
.
Lo
ui
s
Ba
y,
ha
s
an
av
er
ag
e
fl
ow
of
64
.3
m3
/s
an
d
a
fl
ow
ra
ng
e
of
2.
27
to
1,
07
0
m3
/s
(5
).
Mi
nn
es
ot
a
an
d
Wi
sc
on
si
n
Po
in
ts
ar
e
la
rg
el
y
de
po
si
ts
of
sa
nd
wa
sh
ed
up
by
wa
ve
s
ai
de
dby
sh
or
e
cu
rr
en
ts
se
t
up
by
th
e
pr
ev
ai
li
ng
no
rt
he
as
te
rl
y
wi
nd
.
Or
ig
in
al
ly
,
th
e
on
ly
ou
tl
et
of
th
e
ha
rb
ou
r
wa
s
at
wh
at
is
no
w
th
e
Su
pe
ri
or
Sh
ip
Ca
na
l,
bu
t
in
18
70
wo
rk
be
ga
n
on
th
e
Du
lu
th
Sh
ip
Ca
na
l
wh
ic
h
wa
s
co
mp
le
te
d
in
18
71
.
Th
e
na
tu
ra
l
de
pt
h
of
th
e
ha
rb
ou
r
an
d
of
wh
at
is
no
w
th
e
Su
pe
ri
or
Sh
ip
Ca
na
l
wa
s
be
tw
ee
n
2.
4
—
2.
7
m
bu
t
dr
ed
gi
ng
,
wh
ic
h
is
ne
ce
ss
ar
y
to
co
nt
in
ue
co
mm
er
ci
al
sh
ip
pi
ng
,
ma
in
ta
in
s
th
e
de
pt
h
at
9.
8
m
at
br
ea
kw
at
er
s,
8.
5
m
at
pi
er
he
ad
s,
an
d
8.
2
—
8.
5
m
in
ma
in
ch
an
ne
ls
(1
).
T
h
e
b
o
t
t
o
m
s
e
d
i
m
e
n
t
s
g
e
n
e
r
a
l
l
y
c
o
n
s
i
s
t
of
a
fe
w
m
e
t
r
e
s
of
r
e
c
e
n
t
l
y
d
e
p
o
s
i
t
e
d
s
o
f
t
c
l
a
y,
s
i
l
t
,
a
n
d
pe
at
.
T
h
i
s
li
es
on
a
t
h
i
c
k
e
r
b
e
d
of
l
a
c
u
s
—
t
r
i
n
e
s
a
n
d
a
n
d
m
e
d
i
u
m
s
t
i
f
f
c
l
a
y
s
.
T
h
e
s
e
s
e
d
i
m
e
n
t
s
a
r
e
u
n
d
e
r
l
a
i
n
b
y
6
0
—
1
7
0
m
o
f
g
l
a
c
i
a
l
t
i
l
l
a
n
d
s
t
r
a
t
i
f
i
e
d
s
a
n
d
s
,
s
i
l
t
,
a
n
d
c
l
a
y
s
w
h
i
c
h
r
e
s
t
o
n
Pr
ec
am
br
ia
n
sa
nd
st
on
e
be
dr
oc
k
(1
).
WATER USES
D
u
l
u
t
h
p
r
e
s
e
n
t
l
y
t
a
k
e
s
a
n
a
v
e
r
a
g
e
o
f
5
6
,
8
0
0
m
3
/
d
o
f
w
a
t
e
r
f
r
o
m
L
a
k
e
S
u
p
e
r
i
o
r
.
S
u
p
e
r
i
o
r
,
W
i
s
c
o
n
s
i
n
t
a
k
e
s
w
a
t
e
r
f
r
o
m
w
e
l
l
p
o
i
n
t
s
l
o
c
a
t
e
d
a
l
o
n
g
t
h
e
s
h
o
r
e
l
i
n
e
.
C
l
o
q
u
e
t
,
M
i
n
n
e
s
o
t
a
t
a
k
e
s
w
a
t
e
r
f
r
o
m
L
a
k
e
S
u
p
e
r
i
o
r
d
u
r
i
n
g
p
e
a
k
s
u
m
m
e
r
d
e
m
a
n
d
s
,
b
u
t
t
h
e
r
e
g
u
l
a
r
s
u
p
p
l
y
i
s
f
r
o
m
w
e
l
l
s
(
2
)
.
w
n
f
r
o
m
L
a
k
e
S
u
p
e
r
i
o
r
b
e
c
a
u
s
e
o
f
i
t
s
h
i
g
h
L
o
u
i
s
B
a
y
a
r
e
u
s
e
d
f
o
r
r
e
c
r
e
a
t
i
o
n
a
l
d
d
i
t
i
o
n
t
o
t
h
e
i
r
e
x
t
e
n
s
i
v
e
u
s
e
b
y
W
a
t
e
r
is
p
r
i
m
a
r
i
l
y
wi
t
h
d
r
a
n
a
t
u
r
a
l
q
u
a
l
i
t
y
.
S
u
p
e
r
i
o
r
B
a
y
a
n
d
S
t
.
p
u
r
p
o
s
e
s
s
u
c
h
a
s
b
o
a
t
i
n
g
a
n
d
f
i
s
h
i
n
g
i
n
a
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0
8
    
     
CIT
Y O
F
DU
LU
TH
FI
GU
RE
4.
3-
1
- D
UL
UT
H-
SU
PE
RI
OR
HA
RB
OR
AN
D
TH
E
ST.
LO
UI
S
RI
VE
R
LAKE SU
PERIOR
MAIN
DULU
TH S
TP
          
 
 
 
 
 
 
 
 
 
M
I
N
N
E
S
O
T
A
NE
W
WL
SS
D
SI
P
(u
nd
er
Co
ns
t)
~
\
MP
&L
PO
WE
R
PL
AN
T
\
FA
IR
MO
UN
T
STP
  
PRO
CTO
R
CL
OQ
UE
T
ST
P
POTLAT
CH COR
P
(NW
PAPE
R CO)
WWTP
/
   
  
S
U
P
E
R
I
O
R
.
FI
BE
R
co
W
W
T
P
~
I.
S
U
P
E
R
I
O
R
s
w
    
           
C
O
N
W
E
D
SC
AN
LO
N
SC
AN
LO
N
ST
P
CI
TV
OF
SU
PE
RI
OR
 
  
GA
RY
NE
W
DU
LU
TH
SI
P
 
TH
OM
SO
N
DA
M
J
 
RIVER
W
I
S
C
O
N
S
I
N
 
 
 
 
 
/
|
F
'ro
rm
DU
LAC
DAM
 
 
ﬁ
/
\
O
L
I
V
E
R
B
R
I
D
G
E
 
CO
NT
IN
EN
TA
L
OI
L
RE
FI
NE
RY
WW
TP
SC
AL
E
IN
km
  
  
com
mer
cia
l w
ate
rcr
aft
s.
How
eve
r,
the
bay
s a
re
pri
mar
ily
kno
wn
for
the
ir
massive harbour facilities.
SOURCES OF POLLUTANTS
Wat
er
qua
lit
y l
eve
ls
in
the
Dul
uth
—Su
per
ior
Har
bor
are
aff
ect
ed
by
shi
ppi
ng
was
tes
, m
uni
cip
al
and
ind
ust
ria
l d
isc
har
ges
, a
nd
agr
icu
ltu
ral
and
nat
ura
l s
our
ces
(1,
3,4
,6)
.
Loc
ati
ons
of
sig
nif
ica
nt
poi
nt
sou
rce
s t
o t
he
St.
Lou
is
Riv
er
and
St.
Lou
is
Bay
dir
ect
ly
up—
str
eam
of
Sup
eri
or
Bay
are
sho
wn
in
Fig
ure
4.3
-1.
The
sig
nif
ica
nt
dis
cha
rge
s i
n M
inn
eso
ta
con
tri
but
e
in
exc
ess
of
60,
000
kg/
d o
f B
0D5
,
37,
000
kg/
d o
f t
ota
l s
usp
end
ed
sol
ids
, a
nd
460
kg/
d o
f p
hos
pho
rus
to
the
St.
Lou
is
Riv
er
and
St.
Lou
is
Bay,
as
sho
wn
in
Tab
le
4.3
-1.
The
two
Wis
con
sin
dis
cha
rge
s t
o S
upe
rio
r B
ay,
the
Sup
eri
or
was
tew
ate
r t
rea
tme
nt
pla
nt
and
Sup
eri
or
Fib
er
Pro
duc
ts,
dis
cha
rge
ove
r
4,5
00
kg/
d o
f B
OD5
and
1,2
80
kg/
d o
f s
usp
end
ed
sol
ids
(7)
.
The
Sup
eri
or
was
tew
ate
r t
rea
tme
nt
pla
nt
als
o d
isc
har
ges
160
kg/
d o
f t
ota
l p
hos
pho
rus
.
Sup
eri
or
Wat
er,
Lig
ht
and
Pow
er
Com
pan
y a
nd
Min
nes
ota
Pow
er
and
Lig
ht
Com
pan
y d
isc
har
ge
the
rma
l e
ffl
uen
t
int
o S
t.
Lou
is
Bay
.
The
re
are
39
maj
or
doc
kin
g
fac
ili
tie
s
hea
vil
y
con
cen
tra
ted
in
the
har
bou
r,
St.
Lou
is
Bay
,
and
Upp
er
Sup
eri
or
Bay
.
Shi
ps
are
ser
vic
ed
by
a
har
bou
r
dis
pos
al
con
tra
cto
r
to
rem
ove
liq
uid
was
tes
.
A
ser
vic
e
bar
ge
pic
ks
up
liq
uid
was
tes
fro
m v
ess
el
ret
ent
ion
dev
ice
s
and
del
ive
rs
the
se
to
a
doc
k,
whe
re
the
y a
re
pum
ped
int
o
the
Dul
uth
sew
er
sys
tem
.
How
eve
r,
the
pum
pou
t
fac
ili
tie
s
ava
ila
ble
are
not
ada
pta
ble
to
som
e
typ
es
of
com
mer
cia
l
wat
erc
raf
t
and
som
e
of
thi
s
liq
uid
was
te
is
dum
ped
dir
ect
ly
int
o
the
bay
by
ve
ss
el
op
er
at
or
s.
Ba
ll
as
t,
ta
nk
er
ho
ld
cl
ea
no
ut
wa
st
es
,
an
d
oi
l
an
d
gr
ea
se
from ship operations are uncontrolled.
Th
e
dr
ed
ge
d
ch
an
ne
ls
in
th
e
ha
rb
ou
r
to
ta
l
27
.4
km
in
le
ng
th
.
Si
nc
e
19
50
an
av
er
ag
e
of
12
5,
00
0
m3
ha
s
be
en
dr
ed
ge
d
an
nu
al
ly
to
ma
in
ta
in
th
e
ha
rb
ou
r.
Th
e
pr
im
ar
y
so
ur
ce
s
of
th
e
se
di
me
nt
to
th
e
ha
rb
ou
r
ar
e
th
e
St
.
Lo
ui
s
Ri
ve
r
an
d
th
e
Ne
ma
dj
i
Ri
ve
r.
Th
e
St.
Lo
ui
s
Ri
ve
r
ca
rr
ie
s
in
du
st
ri
al
an
d
mu
ni
ci
pa
l
ef
fl
ue
nt
as
we
ll
as
se
di
me
nt
.
Th
e
Ne
ma
dj
i
Ri
ve
r
fl
ow
s
th
ro
ug
h
a
lo
w
pl
ai
n
of
re
d
cl
ay
an
dc
ar
ri
es
la
rg
e
am
ou
nt
s
of
re
d
se
di
me
nt
s
into the harbour (l).
LIMNOLOGY
PHYSICAL
Th
e
tw
o
ma
in
ba
ys
of
th
e
Du
lu
th
-S
up
er
io
r
Ha
rb
or
ha
ve
re
la
ti
ve
ly
sh
or
t
hy
dr
au
li
c
re
te
nt
io
n
ti
me
s.
Fo
r
St
.
Lo
ui
s
Ba
y
th
e
me
an
re
te
nt
io
n
ti
me
is
ap
pr
ox
im
at
el
y
si
x
da
ys
an
d
fo
r
Su
pe
ri
or
Ba
y
th
e
me
an
re
te
nt
io
n
ti
me
is
approximately eight days (3,4).
Th
er
e
is
fr
eq
ue
nt
wi
nd
-a
id
ed
in
tr
od
uc
ti
on
of
hi
gh
qu
al
it
y
La
ke
Su
pe
ri
or
wa
te
r
in
to
Su
pe
ri
or
Ba
y
an
d
to
a
le
ss
er
ex
te
nt
th
is
ma
y
ex
te
nd
in
to
St
.
Lo
ui
s
Ba
y.
Th
is
fa
ct
or
ma
y
al
so
al
te
r
th
e
le
ve
ls
of
va
ri
ou
s
ph
ys
ic
al
an
d
ch
em
ic
al
pa
ra
me
te
rs
by
cr
ea
ti
ng
an
es
tu
ar
in
e
si
tu
at
io
n
(T
ab
le
s
4.
3—
3,
4.3—4, and 4.3—5).
 
     
? 11H
Tuélui
TH
.9;
TA
BL
E
4.
3—
1
‘ .1: 7
II; a
SI
GN
IF
IC
AN
T
DI
SC
HA
RG
ER
S
T0
ST
.
LO
UI
S
BA
Y
AN
D
ST
.
LO
UI
S
RI
VE
R
1 :
133;
;
LO
AD
IN
GS
,
in
kg
/d
HTI
E
To
ta
l
“1
BO
Ds
Su
sp
en
de
d
To
ta
l
TMI
DI
SC
HA
RG
ER
FL
OW
,
in
m3
/d
So
li
ds
Ph
os
ph
or
us
Du
lu
th
Ma
in
Se
wa
ge
69
,0
00
16
,7
00
11
,2
00
30
4
4; Treatment Plant
i
Du
lu
th
Ga
ry
Ne
w
Du
lu
th
73
0
36
33
3.
8
Sewage Treatment Plant
Du
lu
th
Sm
it
hv
il
le
Se
wa
ge
1,
00
0
47
38
5.
1
Treatment Plant
Du
lu
th
Fa
ir
mo
nt
Se
wa
ge
2,
80
0
13
8
12
5
15
Treatment Plant
Cl
oq
ue
t
Se
wa
ge
7,
50
0
87
4
77
4
50
Treatment Plant
Co
nw
ed
Co
rp
or
at
io
n
7,
40
0
2,
81
0
»
2,
88
0
4C
Po
tl
at
ch
Co
rp
or
at
io
n
70
,0
00
36
,2
00
21
,4
00
80
C
(Northwest)
U.S
.
St
ee
lb
37
,0
00
3,
40
0
1,
00
0
6
Su
pe
ri
or
Se
wa
ge
19
,0
00
1,
60
0
1,
00
0
16
0
Treatment Plant
Su
pe
ri
or
Fi
be
r
Pr
od
uc
ts
94
0
2,
90
0
280
-
Mi
nn
es
ot
a
Po
we
r
an
d
42
6,
00
0
I
—
-
—
Light Company
Su
pe
ri
or
Wa
te
r,
Po
we
r
76
,0
00
—
—
-
and Light Company8
Car
lto
n S
ewa
ge
Tre
atm
ent
1,0
00
55
46
4.2
Plant
Sca
nlo
n S
ewa
ge
Tre
atm
ent
290
36
29
3.8
Plant
     
a. Data based primarily on self-monitoring reports.
b.
Disc
harg
e in
clud
es
1,42
0 kg
/d a
mmon
ia,
380
kg/d
phen
ol,
and
54 k
g/d
cyan
ide.
c. Values based on only one sampling day during a compliance monitoring
sur
vey
con
duc
ted
by
U.S.
EPA,
Min
nes
ota
—Wi
sco
nsi
n D
ist
ric
t O
ffi
ce,
Min
nea
pol
is.
d. Thermal discharge is 296x106 btu/h or 87MW.
e. Thermal discharge is 54X106 btu/h or 16MW.
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TABLE 4.3-2
 
MINNESOTA DISSOLVED OXYGEN WATER QUALITY STANDARDS
FOR
THE
ST.
LOU
IS
RIV
ER,
ST.
LOU
IS
BAY
,
AND
SUP
ERI
OR
BAY
a
WATER BODY
LOCATION
STANDARD
 
St. Louis River
St. Louis Bay
and Superior Bay
 
Cloquet to Clough
Island
Entire Bay
 
Not less than
April 1 through November
30, and not less than 4
mg/R at other
Not less than
April 1 through May 31 and
not less than
other times.
5 mg/Q from
times
6 mg/£ from
5 mg/l at
 
a.
Ba
se
d
on
St
at
e
of
Mi
nn
es
ot
a
Re
gu
la
ti
on
s
WP
C—
lS
an
d
25
(1
0)
.
TABLE 4.3-3
PH
YS
IC
AL
PA
RA
ME
TE
RS
IN
ST
.
LO
UI
S
BA
Y
(1
)a
Parameter
June, 1973
Mean (Range)
July, 1973
Mean SRangez
 
Dissolved Oxygen (mg/£)
Temperature (OC)
Conductivity (uS/cm)
pH
Alkalinity (mg/2)
Turbidity (JTU)
5.2 (3.6—6.3)
17 (16.5—18)
165 (150-177)
7.3 (7.2—7.5)
49 (47—54)
57 (25—95)
  
4.8 (1.1—8.6)
19 (18.2—20)
167 (140—193)
7.4 (7.3—7.5)
60 (53—72)
36 (4.0—65)
Nov., 1972
JEsaJEsssL__
1.0
81 (80—82)
7.1 (7.0-7.1)
76 (74-78)
6.6 (6.4-6.8)
  
a.
an
d
2
ad
di
ti
on
al
po
in
ts
we
re
sa
mp
le
d
on
ce
in
Ju
ly
.
we
re
ta
ke
n
ne
ar
th
e
Du
lu
th
ma
in
wa
st
e
wa
te
r
tr
ea
tm
en
t
pl
an
t
an
d
in
th
e
ma
in
ch
an
ne
l
di
re
ct
ly
up
st
re
am
fr
om
th
e
I—
53
5
Bridge.
up
st
re
am
fr
om
th
e
I—
53
5
Br
id
ge
.
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s
we
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ke
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 TABLE 4.3-4
   
PH
YS
IC
AL
P
A
R
A
M
E
T
E
R
S
B
E
T
W
E
E
N
ST
.
LO
UI
S
BA
Y
F3
AN
D
SU
PE
RI
OR
BA
Y
AT
1-
53
5
BR
ID
GE
(l
l)
a
R
Sp
ri
ng
b
Su
mm
er
b
Fa
ll
b
Wi
nt
er
f
Pa
ra
me
te
r
Me
an
(R
an
ge
)
Me
an
(R
an
ge
)
Me
an
(R
an
ge
)
Me
an
(R
an
ge
)
i
Di
ss
ol
ve
d
Ox
yg
en
7.
7(
2.
2—
12
.4
)
6.
7(
5.
8-
7.
5)
8.
9(
5.
9-
11
.7
)
3.
9(
2.
4-
4.
7)
gm (mg/2)
ijl
Co
nd
uc
ti
vi
ty
12
8
(7
4—
20
0)
13
0
(8
8—
15
0)
17
8
(1
60
-2
00
)
18
8
(1
70
—2
00
)
9 (pS/cm)
pH
7.
6(
7.
1-
8.
0)
7.
5(
7.
0—
7.
7)
7.
7(
7.
4-
8.
1)
7.
2(
6.
8—
7.
8)
Al
ka
li
ni
ty
45
(2
4-
83
)
58
(4
0—
80
)
65
(5
6-
71
)
61
(4
8-
77
)
(m
g
Ca
CO
3/
R)
'
To
ta
l
Ha
rd
ne
ss
57
(3
5—
10
0)
67
(4
7-
90
)
73
(6
4-
82
)
69
(5
6—
85
)
(mg CaCO3/B)
Tu
rb
id
it
y
(J
TU
)
9.
6(
3.
1-
30
)
6.
9(
5.
0-
8.
9)
8.
1(
4.
5-
12
)
4.
0(
3.
5—
4.
7)
To
ta
l
So
li
ds
13
2
(1
10
-1
70
)
13
0
(1
10
—1
50
)
15
7
(1
30
—1
70
)
15
4
(1
50
—1
60
)
(mg/I)<103°c) .
Su
sp
en
de
d
So
li
ds
14
.4
(3
—4
3)
5.
3
(5
~6
)
8.
3
(6
—1
0)
7.
2
(4
—1
2)
(mg/2)<103°c>
Di
ss
ol
ve
d
So
li
ds
12
5
(8
6-
18
5)
12
5
(1
04
-1
45
)
14
7
(1
21
-1
61
)
14
7
(1
38
-1
54
)
(
m
g
/
2
)
(
1
8
0
°
C
)
I
5-
da
y
BO
D
(m
g/
2)
3.
1(
1.
7-
6.
2)
1.
9(
1.
3-
2.
9)
2.
9(
1.
9-
3.
6)
4.
6(
3.
0-
6.
1)
(20°C)
To
ta
l
Or
ga
ni
c
18
.2
(1
2.
5-
23
.7
)
16
CarbonC (mg/2)
       
a.
MP
CA
sa
mp
le
s
we
re
co
ll
ec
te
d
at
th
e
I-
53
5
br
id
ge
be
tw
ee
n
De
ce
mb
er
6,
19
73
an
d
Ju
ne
6,
197
5.
Sa
mp
le
s
fo
r
al
l
pa
ra
me
te
rs
ex
ce
pt
as
no
te
d,
we
re
co
ll
ec
te
d
mo
nt
hl
y.
Al
so
,
se
ve
ra
l
ad
di
ti
on
al
sa
mp
le
s
we
re
co
ll
ec
te
d
in
th
e
sp
ri
ng
pe
ri
od
.
A
to
ta
l
of
ap
pr
ox
im
at
el
y
25
sa
mp
le
s
we
re
co
ll
ec
te
d
du
ri
ng
sa
mp
li
ng
period.
b.
Sp
ri
ng
(M
ar
ch
21
—
Ju
ne
21)
Fa
ll
(S
ep
te
mb
er
23
—
De
ce
mb
er
21)
Sum
mer
(Ju
ne
22
—
Sep
tem
ber
22)
Win
ter
(De
cem
ber
22
- M
arc
h
20)
c.
Sam
ple
s f
or
thi
s p
ara
met
er
wer
e t
ake
n o
nly
7 t
ime
s d
uri
ng
the
per
iod
fro
m
December 6, 1973 to June 6, 1975.
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» TABLE 4.3-5
PHYSICAL PARAMETERS IN SUPERIOR BAY (12)a
  
May 14, 1975 Sept. 25, 1974 Oct. 25, 1974
Parameters Mean(Range) Mean(Range) Mean(Range)
Dissolved Oxygen (mg/2) 9.3(9.3—9.4) 8.8 (8.2—9.6) 10.2 (9.7—10.6)
Temperature (0C) 13.5 (13—14) 11.8 (11.5—13.5) 7.3 (7.0-8.0)
Conductivity (US/cm) 93 (91-95) 143 (130-150) 152 (120—180)
pH 7.6(7.5—7.8) 7.8 (7.6—8.1) 7.8 (7.6-8.1)
Alkalinity 33 (32—34) 50 (49—52) 60 (51—64)
(mg CaCO3/Q)
Tota
l Ha
rdne
ss
51
(50—
54)
65
(61—
68)
75
(68—
80)
(mg CaCO3/2)
Turbidity (JTU) 6.2(5.8—6.6) 3.4 (2.3-6.0) 3.0 (2.5-3.7)
Tota
l So
lids
(mg/
l)
87
(68-
100)
148
(110
—310
)
124
(96—
150)
(103°C)
Susp
ende
d So
lids
(mg/
2)
3.6(
2.4-
6.0)
10
(1.2
-25)
8.7
(4.0
-10)
(103°C)
Sec
chi
Dis
c (
m)
0.7
6
0.9
(0.
8-0
.95
)
1.0
2(0
.8—
l.2
5)
Col
our
\\
100
83
(70
—90
)
56
(40
—70
)
5—D
ay
BOD
(mg
/£)
(20
°C)
0.9
4(0
.84
-1.
0)
1.9
(1.
3—2
.3)
1.4
(O.
7—2
.0)
    
a.
Onc
e e
ach
sam
pli
ng
day
sam
ple
s w
ere
col
lec
ted
at
fou
r l
oca
tio
ns
as
par
t
of
the
Lak
e
Sup
eri
or
nea
r
sho
re
wat
er
qua
lit
y
stu
dy.
One
loc
ati
on
was
nea
r
eac
h e
ntr
y
to
the
lak
e
and
the
oth
er
two
loc
ati
ons
were spaced between the entries.
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DISSOLVED OXYGEN
Di
ss
ol
ve
d
ox
yg
en
in
th
e
su
mm
er
of
te
n
fa
ll
s
to
le
ve
ls
be
lo
w
Mi
nn
es
ot
a
st
an
da
rd
s
in
St
.
Lo
ui
s
Ba
y
(T
ab
le
s
4.
3—
2
an
d
4.
3-
3)
.
Th
er
e
is
a
su
mm
er
ox
yg
en
lo
w
po
in
t
be
lo
w
Mi
nn
es
ot
a
st
an
da
rd
s
in
th
e
vi
ci
ni
ty
of
th
e
Fo
nd
du
La
c
da
m
32
km
up
st
re
am
fr
om
th
e
Du
lu
th
en
tr
y
(8
)
du
e
pr
im
ar
il
y
to
th
e
m
39
,0
00
kg
/d
of
B0
D5
in
tr
od
uc
ed
by
th
e
Po
tl
at
ch
Co
rp
or
at
io
n
an
d
Co
nw
ed
Co
rp
or
at
io
n
of
Cl
oq
ue
t.
Mu
ch
of
th
is
ma
te
ri
al
be
co
me
s
in
co
rp
or
at
ed
in
to
th
e
be
nt
hi
c
sl
ud
ge
wh
ic
h
re
mo
ve
s
ox
yg
en
fr
om
th
e
im
po
un
de
d
wa
te
r.
Th
e
ef
fe
ct
fr
om
th
is
de
pr
es
si
on
of
di
ss
ol
ve
d
ox
yg
en
ca
n
be
se
en
al
l
th
e
wa
y
to
St
.
Lo
ui
s
Ba
y.
Ho
we
ve
r,
th
er
e
is
a
gr
ad
ua
l
re
co
ve
ry
of
ox
yg
en
le
ve
ls
so
th
at
by
th
e
ti
me
th
e
wa
te
r
re
ac
he
s
Su
pe
ri
or
Ba
y
th
e
ox
yg
en
le
ve
ls
ar
e
ge
ne
ra
ll
y
no
t
be
lo
w
Mi
nn
es
ot
a
st
an
da
rd
s
(T
ab
le
s
4.
3-
2
an
d
4.
3—
5)
.
So
me
of
th
is
re
co
ve
ry
ma
y
be
du
e
to
th
e
"s
ei
ch
e
ef
fe
ct
"
-
th
e
in
tr
od
uc
ti
on
of
La
ke
Superior water into the harbour.
Th
e
lo
we
st
su
mm
er
ox
yg
en
le
ve
l
(1.
1
mg
/Z
)
in
St.
Lo
ui
s
Ba
y
wa
s
ob
ta
in
ed
ne
ar
th
e
Du
lu
th
ma
in
tr
ea
tm
en
t
pl
an
t
in
Ju
ly
19
73
(1)
.
Th
is
pl
an
t
in
tr
od
uc
es
W 16,000 kg of BOD5 daily.
In
the
win
ter
,
the
mea
n
dis
sol
ved
oxy
gen
lev
el
in
St.
Lou
is
Bay
at
the
I-5
35
bri
dge
is
bel
ow
Min
nes
ota
sta
nda
rds
(Ta
ble
s
4.3
-2
and
4.3
—4)
.
The
col
d w
ate
r
dur
ing
the
win
ter
red
uce
s
the
rat
e
of
oxy
gen
upt
ake
in
the
riv
er;
the
ref
ore
,
the
oxy
gen
low
poi
nt
occ
urs
in
St.
Lou
is
Bay
.
TURBIDITY
Tur
bid
ity
in
Sup
eri
or
Bay
has
bee
n f
oun
d t
o o
cca
sio
nal
ly
exc
eed
the
Min
nes
ota
wat
er
qua
lit
y s
tan
dar
d o
f 2
5 J
TU
(1,9
).
The
tur
bid
ity
has
bee
n
fou
nd
to
be
as
hig
h a
s 1
22
JTU
in
the
shi
p c
han
nel
bet
wee
n t
he
Dul
uth
and
Supe
rior
Entr
ies
and
as l
ow a
s 2.
3 JT
U ne
ar t
he D
ulut
h En
try.
Ship
prop
-
was
h,
dre
dgi
ng,
and
Nem
adj
i R
ive
r s
edi
men
t c
ont
rib
ute
to
the
tur
bid
ity
alon
g wi
th t
he l
oadi
ngs
from
the
St.
Loui
s Ri
ver.
The
Nema
dji
Rive
r co
ntai
ns
1.37
x 10
6 kg
/d o
f su
spen
ded
soli
ds a
t a
mean
flow
of 4
1 m3
/s w
hile
the
St.
Loui
s Ri
ver
cont
ains
179,
000
kg/d
at a
mean
flow
of 1
12 m
3/s.
The
high
sus
pen
ded
sol
ids
in
the
Nem
adj
i R
ive
r a
re
cau
sed
by
red
cla
y e
ros
ion
in
that
basi
n; h
owev
er,
the
load
ing
valu
e ma
y be
high
sinc
e it
was
dete
rmin
ed
during high runoff periods.
CHEMICAL
WATER CHEMISTRY
Tables 4.3-6, 4.3-7, 4.3—8, and 4.3-9 summarize selected chemical data
which show the overall quality of the bays. When samples were averaged,
"less than" values were assigned a value of half the detection limit.
St. Louis Bay is estimated (3,4) to be receiving a phosphorus load at
least twelve times and Superior Bay 9 times the rate proposed by Vollenweider
(13) as "dangerous" for promoting algal blooms; however, Vollenweider's
model may notbe applicable to bodies of water with short retention times.
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 TABLE 4.3—6
CHE
MIC
AL
PAR
AME
TER
S
IN
ST.
LOU
IS
BAY
(Ll
)a
 
Parameter
July 13, 1973
Mean(Range)
Sept. 7, 1973
Mean(Range)
Oct. 18, 1973
Mean(Range)
(mg/2)
(mg/R)
(mg N/R)
 
Total Phosphorus
Dissolved Phosphorus
Ammonia (mg N/R)
Nitrite & Nitrate
0.4 (0.18—0.76)
0.3 (0.1 —O.6)
0.92(0.74—1.4)
O.21(0.21—O.22)
 
0.65 (0.62-0.69)
0.13 (0.11-0.14)
 
0.15 (0.14—0.16)
0.21 (0.2 -0.22) 0.33
0.24 (0.24—0.25)
1.35 (1.32-1.38)
0.1 (0.1)
 
ment plant.
\\
,,)
TABLE 4.3-7
CH
EM
IC
AL
PA
RA
ME
TE
RS
IN
ST
.
LO
UI
S
BA
Y
a.
Th
e
sa
mp
le
lo
ca
ti
on
wa
s
in
th
e
ma
in
ch
an
ne
l
ne
ar
Du
lu
th
‘s
ma
in
se
wa
ge
tr
ea
t—
Sa
mp
le
s
we
re
ta
ke
n
at
se
ve
ra
l
de
pt
hs
du
ri
ng
ea
ch
sa
mp
le
da
y.
(1)a
Parameter
June, 1973
Mean(Range)
July, 1973
Mean(Range)
November, 1972
Mean(Range)
 
(mg/R)
(mg/1)
 
Total Phosphorus
Total Nitrogen
 
0.15 (0.02—0.37)
0.86 (0.62—1.14)
 
0.3 (0.16-0.56)
1.2 (0.14-3.5)
 
0.15 (0.15-0.16)
 
 
 
stream from the I-535 Bridge.
upstream from the I—535 Bridge.
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Samples were
a.
A
to
ta
l
of
6
po
in
ts
we
re
sa
mp
le
d
on
ce
in
bo
th
Ju
ne
an
d
Ju
ly
an
d
2
ad
di
-
ti
on
al
po
in
ts
we
re
sa
mp
le
d
on
ce
in
Ju
ly
.
Du
lu
th
ma
in
Se
wa
ge
tr
ea
tm
en
t
pl
an
t
an
d
in
th
e
ma
in
ch
an
ne
l
di
re
ct
ly
up
—
In
No
ve
mb
er
tw
o
sa
mp
le
s
we
re
ta
ke
n
di
re
ct
ly
taken near the
 
 
 2
1
6
 
WAT
ER
CHE
MIS
TRY
MEA
SUR
ED
AT
1—5
35
BRI
DGE
BET
WEE
N S
T.
LOU
IS
BAY
AND
SUP
ERI
OR
BAY
(11)
3
TA
BL
E
4.
3—
8
Para
mete
r (
mg/2
unle
ss
othe
rwis
e no
ted)
Springb
Mean(Range)
S
u
m
m
e
r
b
Me
an
(R
an
ge
)
Fallb
Mea
n(R
ang
e)
Win
ter
b
Mean(Range)
T
Tot
al
Pho
sph
oru
s
Ammoni
a (as
N)
Organic Nitrogen
Nit
rit
e (
as
N)
Nitrat
e (as
N)
Total
Nitrog
en
Sod
ium
Ch
lo
ri
de
Potassium
Calcium
Arseni
c (pg/
2.)C
Silic
ate
(as S
i02)
Selenium (pg/EL)e
Sulfate (as 806)
Cop
per
(Hg/
2)
Cadmiu
m (pg/
2)
Manganese
(pg/l)
Zin
c
(Hg
/R)
Nic
kel
(pg/
B)
Iro
n
(pg
/£)
Merc
ury
(pg/
IL)C
Lea
d
(us
/2)
Fluo
ride
Tot
al
Chr
omi
um
(pg
/1L
)C
Phe
nol
ic
Com
pou
nds
(Hg
/ﬂ)
Cya
nid
e
Magne
sium
Oil &
Grease
C
C
C
 
0.09 (<0.
01-0.14)
0.21 (
0.05—0
.42)
0.9 (0.05—1.3)
0.05 (
0.01—0
.06)
0.21 (<0.1-0.7)
1.4
(0.2
6—1.
85)
6.8 (2
.1—16)
11 (
2—19
)
1.9 (1
.2-3.8
)
37
(24
—68
)
<10
7.9
(1.
7—1
6)
<2
16
(<5
—35
)
24
(<10-79)
<10
10
5
(<
10
—2
40
)
106
(<
10
—7
40
)
<10
(<1
0—1
1)
1170
(570
—230
0)
0.3
9
(<1
0—2
6)
0.17
(<0.
1—0.
95)
2 (<2-3)
9.1
(3—
17)
<0.005
17.
5 (
ll—
24)
1.9 (0
.8—3.0
)
 
0.
11
(0
.1
0—
0.
12
)
0.
31
(0
.2
6-
0.
38
)
0.
7
(0
.2
5—
1.
0)
0.
03
(0
.0
1—
0.
05
)
0.
5
(0
.2
4—
0.
95
)
1.
23
(0
.7
3—
2.
16
)
6.
6
(3
.0
~8
.9
)
11
(3
-1
5)
1.
5
(1
.2
-1
.7
)
52
(4
0—
78
)
<10
5.
1
(3
.6
—8
.1
)
<2
11
(8
—1
2)
28
(<1
0-7
5)
<1
0
45
(<
10
—1
00
)
15
(<
10
—2
5)
12
(<
10
-2
5)
101
0
(64
0—1
400
)
0.
3
(0
.2
—0
.3
)
<1
0
(<
10
-1
4)
0.
1
(<
0.
l-
0.
13
)
<2
7 (3
—15)
<0.
005
12
<0.5
 
0.1
3
(0.
11-
0.1
4)
0.1
8
(<0
.05
—0.
34)
0.
8
(0
.2
9-
1.
2)
0.0
4
(0.
02—
0.0
7)
0.
23
(0
.1
4—
0.
4)
1.1
3
(0.
5—1
.75
)
12 (1
0—14)
14
(7—
23)
1.
8
(1
.4
—2
.2
)
54
(36
—65)
,
9.
7
(4
.9
—1
9)
20
(10
—27
)
24 (
<10—7
5)
<10
136
(<
10
—3
00
)
45
(<1
0—1
20)
<10
(<1
0-1
6)
1050
(100
0—11
00)
14 (<
10-32
)
0.4
(0.
10—
1.1
)
16 (8—23)
 
0.15 (0.11—0.19)
0.45 (
0.27—0
.57)
0.9 (0
.4-1.3
)
0.02
(0.0
1-0.
04)
0.24
(0.1
—0.4
1)
1.6
4
(1.
48-
2.0
5)
14 (6
.1—26
)
12
(9—
15)
2.0 (<
1—5.2)
48 (
39-55
)
<10
11
(7
.2
—1
4)
<2
21
(15
—27
)
<10
<10
14
3
(9
5—
18
0)
35
(1
6n
51
)
<10
75
0
(4
70
-1
10
0)
0.
3
(<
0.
l—
O.
3)
<10
0.1
6
(0.
13—
0.2
3)
3.
5
(2
~5
)
12 (1
0—15)
<0
.0
05
(<
0.
00
5—
0.
00
6)
21.
5
(13
-30
)
2.
4
(1
.3
-3
.4
)
 
a.
MPC
A s
amp
les
Wer
e c
oll
ect
ed
bet
wee
n D
ece
mbe
r 6
,
197
3 a
nd
Jun
e 6
,
197
5.
exc
ept
as
not
ed
wer
e
col
lec
ted
mon
thl
y.
sp
ri
ng
pe
ri
od
.
b.
Sp
ri
ng
(M
ar
ch
21
-
Ju
ne
21)
Sum
mer
(Ju
ne
22
-
Sep
tem
ber
22)
Sa
mp
le
s
fo
r
al
l
pa
ra
me
te
rs
Als
o,
sev
era
l a
ddi
tio
nal
sam
ple
s w
ere
Sam
ple
s
wer
e
col
lec
ted
app
rox
ima
tel
y
25
tim
es
dur
ing
sam
ple
per
iod
.
co
ll
ec
te
d
in
th
e
Fal
l
(Se
pte
mbe
r 2
3 —
Dec
emb
er
21)
Win
ter
(De
cem
ber
22
— M
arc
h 2
0)
c.
Sam
ple
s
for
the
se
par
ame
ter
s
wer
e
onl
y
tak
en
4—6
tim
es
dur
ing
the
per
iod
Dec
emb
er
6,
197
3
to
June 6
, 1975
.
  
  
2
1
7
T
A
B
L
E
4
.
3
—
9
W
A
T
E
R
C
H
E
M
I
S
T
R
Y
IN
SU
PE
RI
OR
BA
Y
(1
2)
a
Pa
ra
me
te
r
(m
g/
R
un
le
ss
ot
he
rw
is
e
no
te
d)
Ma
y
14,
19
75
Me
an
(R
an
ge
)
Se
pt
.
25
,
19
74
Me
an
(R
an
ge
)
Oc
to
be
r
25
, 1
9
7
4
Me
an
(R
an
ge
)
To
ta
l
Ph
os
ph
or
us
Am
mo
ni
a
(a
s
N)
Or
ga
ni
c
Ni
tr
og
en
Ni
tr
it
e
(a
s
N)
Ni
tr
at
e
(a
s
N)
To
ta
l
Ni
tr
og
en
Sodium
Ch
lo
ri
de
Po
ta
ss
iu
m
Ca
lc
iu
m
Ar
se
ni
c
(p
g/
2)
Si
li
ca
te
(a
s
Si
02
)
Se
le
ni
um
(H
g/
2)
Sulf
ate
(as
506)
Co
pp
er
(U
g/
2)
Ca
dm
iu
m
(p
g/
£)
Ma
ng
an
es
e
(p
g/
2)
Zi
nc
(H
g/
k)
Ni
ck
el
(u
g/
l)
Ir
on
(H
g/
5L
)
Me
rc
ur
y
(p
g/
l)
Le
ad
(H
g/
2)
To
ta
l
Ch
ro
mi
um
(p
g/
R)
0.
06
(0
.0
5—
0.
07
)
0
.
1
9
(
0
.
1
3
—
0
.
2
3
)
0.
88
(0
.8
5—
1.
0)
0.
07
5
(0
.0
6—
0.
08
)
0.
07
(<
0.
1—
1.
1)
1.
1-
1.
4)
<1
(<
1—
13
)
4.
3
(4
.1
—4
.6
)
<2
15
(1
2—
17
)
2.1
<o
.o
1
(<
0.
01
—o
.0
2)
54
(4
8—
59
)
4.
6
(4
.1
—4
.8
)
1.
1
(<
1-
2.
0)
66
0
(6
20
—7
20
)
<
0
.
1
0.
6
(0
.5
—0
.6
)
0.
65
(O
.6
-O
.7
)
0.
09
5
(0
.0
7—
0.
12
)
0.
2
(0
.0
8—
0.
32
)
0.
66
(0
.6
1-
0.
8)
0.
08
(0
.0
2—
0.
16
)
0.
24
(0
.1
1-
0.
40
)
1.
2
(1
.0
4-
1.
32
)
4.
3
(3
.3
-5
.7
)
8.
7
(7
.2
-1
0)
<
1
.
0
40
<1
(
<
1
—
1
.
5
)
3.
7
(3
.2
—5
.0
)
<1
(<
1-
2.
1)
12
.2
(1
1-
14
)
4.
3
(2
.9
-4
.9
)
0.
1
(0
.0
3—
0.
31
)
37
(3
0-
50
)
26
(9
.2
-3
4)
1.
8
(<
1—
4)
52
0
(4
60
-6
40
)
<0.1
1.
5
(1
.2
-1
.7
)
2.
3
(1
.1
-6
.5
)
0.09
0.
14
0.
24
0.
03
0.
38
0.79
7
(
4
.
16
.2
2
(1.
(
0
.
0
5
-
0
.
1
5
)
(<0
.05
—0.
4)
(
0
.
0
9
-
0
.
4
)
(0.02—0.03)
(0
.2
9-
0.
42
)
(
0
.
6
8
-
1
.
1
2
)
7—
11
)
(
9
.
4
-
2
2
)
3—
4.
9)
56
(5
0—
65
)
<1
(
<
1
—2
)
3
.
8
(
3
.
2
—
4
.
4
)
<1
15
(
9
.
8
—
2
0
)
2.
6
(2
.3
-2
.9
)
0
.
0
2
(<0.01—0.05)
50
(3
8—
65
)
17
(1
1—
25
)
5.
0
(3
-6
)
48
0
(3
70
-6
00
)
<0
.1
(<
0.
1—
0.
12
)
0.
8
(0
.7
-0
.9
)
1.
9
(<
0.
5-
6.
1)
Ph
en
ol
ic
Co
mp
ou
nd
s
0.
00
3
(0
.0
02
-0
.0
04
)
0.
00
5
(<
0.
00
2-
0.
01
9)
0.
00
4
(<
0.
00
2—
0.
01
)
     
a.
On
ce
ea
ch
sa
mp
li
ng
da
y
sa
mp
le
s
we
re
co
ll
ec
te
d
at
fo
ur
lo
ca
ti
on
s.
On
e
lo
ca
ti
on
wa
s
ne
ar
ea
ch
en
tr
y
to
th
e
la
ke
an
d
th
e
ot
he
r
tw
o
lo
ca
ti
on
s
we
re
sp
ac
ed
be
tw
ee
n
th
e
en
tr
ie
s.
 
   
T
h
e
s
t
u
d
y
b
y
t
h
e
U.
S.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
(E
PA
)
o
n
St
.
L
o
u
i
s
B
a
y
f
o
u
n
d
t
h
a
t
t
h
e
c
o
n
t
r
o
l
y
i
e
l
d
o
f
t
h
e
a
s
s
a
y
a
l
g
a
,
S
e
l
e
n
a
s
t
r
u
m
c
a
p
r
i
-
c
o
r
n
ut
um
,
i
n
d
i
c
a
t
e
d
t
h
a
t
th
e
p
o
t
e
n
t
i
a
l
p
r
i
m
a
r
y
p
r
o
d
u
c
t
i
v
i
t
y
w
a
s
h
i
g
h
at
t
h
e
ti
me
th
e
sa
mp
le
wa
s
co
ll
ec
te
d.
Th
e
la
ck
of
i
n
c
r
e
a
s
e
in
y
i
e
l
d
w
h
e
n
r
e
a
c
t
i
ve
p
h
o
s
p
h
a
t
e
w
a
s
a
d
d
e
d
a
n
d
t
h
e
s
i
g
n
i
f
i
c
a
n
t
i
n
c
r
e
a
s
e
in
y
i
e
l
d
w
h
e
n
o
n
l
y
n
i
t
r
o
g
e
n
wa
s
a
d
d
e
d
i
n
d
i
c
a
t
e
d
n
i
t
r
o
g
e
n
l
i
m
i
t
a
t
i
o
n
(4
).
C
h
l
o
r
o
p
h
yl
l
a
le
ve
ls
w
e
r
e
on
ly
m
o
d
e
r
a
t
e
l
y
hi
gh
.
M
e
a
n
s
fo
r
c
h
l
o
r
o
p
h
y
l
l
a
we
r
e
9.
8
p
g
/
R
(S
t.
L
o
ui
s
Ba
y)
an
d
15
.9
ug
/
R
(S
up
er
io
r
Ba
y)
in
J
ul
y
(3
,
4)
,
4.
1
ug
/R
in
Oc
to
be
r
fo
r
Su
pe
ri
or
Ba
y
(1
2)
,
an
d
0.
02
ug
/£
in
De
ce
mb
er
fo
r
Su
pe
ri
or
Ba
y
(8
).
Th
e
mo
de
ra
te
al
ga
l
an
d
ch
lo
ro
ph
yl
l
a
le
ve
ls
ma
y
be
du
e
to
th
e
ge
ne
ra
ll
y
hi
gh
tu
rb
id
it
y
wh
ic
h
re
st
ri
ct
s
th
e
am
ou
nt
of
li
gh
t
fo
r
algal growth.
Am
on
g
th
e
he
av
y
me
ta
ls
,
co
pp
er
ha
s
be
en
fo
un
d
to
be
as
hi
gh
as
0.
07
5
mg
/l
at
th
e
I-
53
5
br
id
ge
(1
1)
,
an
d
ex
ce
ed
ed
th
e
Mi
nn
es
ot
a
st
an
da
rd
fo
r
pr
ot
ec
ti
on
of
fi
sh
an
d
aq
ua
ti
c
li
fe
of
0.
01
mg
/2
ab
ou
t
40
%
of
th
e
ti
me
.
Th
e
co
pp
er
le
ve
ls
ar
e
la
rg
el
y
th
e
re
su
lt
of
na
tu
ra
l
ru
no
ff
in
th
e
St
.
Lo
ui
s
Ri
ve
r
wa
te
rs
he
d.
Ph
en
ol
ic
co
mp
ou
nd
s
al
so
ha
ve
be
en
fo
un
d
to
oc
ca
si
on
al
ly
ex
ce
ed
th
e
Mi
nn
es
ot
a
st
an
da
rd
of
0.
01
mg
/l
in
Su
pe
ri
or
Ba
y
(1
2)
an
d
at
th
e
I—
53
5
br
id
ge
(1
1)
.
Th
e
ph
en
ol
le
ve
ls
ar
e
pa
rt
ia
ll
y
th
e
re
su
lt
of
di
s—
ch
ar
ge
s
fr
om
Co
nw
ed
Co
rp
or
at
io
n,
U.
S.
St
ee
l,
an
d
Po
tl
at
ch
Co
rp
or
at
io
n.
Re
su
sp
en
si
on
of
de
co
mp
os
in
g
ri
ve
r
sl
ud
ge
de
po
si
ts
dO
Wn
st
re
am
fr
om
th
es
e
di
sc
ha
rg
es
ma
y
al
so
be
co
nt
ri
bu
ti
ng
to
th
e
pr
ob
le
m.
To
ta
l
ph
os
ph
or
us
an
d
am
mo
ni
a
co
nc
en
tr
at
io
ns
ar
e
hi
gh
er
in
St
.
Lo
ui
s
Ba
y
th
an
Su
pe
ri
or
Ba
y.
Th
er
e
is
a
de
cr
ea
se
in
to
ta
l
ph
os
ph
or
us
,
am
mo
ni
a,
an
d
he
av
y
me
ta
ls
co
nc
en
tr
at
io
ns
fr
om
th
e
I—
53
5
br
id
ge
(1
1)
to
th
e
sa
mp
li
ng
po
in
ts
di
st
ri
bu
te
d
al
on
g
Su
pe
ri
or
Ba
y
(1
2)
.
Mu
ch
of
th
is
im
pr
ov
em
en
t
ha
s
to
be
at
tr
ib
ut
ed
to
th
e
"s
ei
ch
e
ef
fe
ct
"
in
Su
pe
ri
or
Ba
y.
Th
e
ef
fe
ct
s
of
th
e
ha
rb
ou
r
on
La
ke
Su
pe
ri
or
ar
e
di
sc
us
se
d
in
Ch
ap
te
rs
4.1 and 6.1.
SEDIMENT CHEMISTRY
Ta
bl
e
4.
3-
10
co
mp
ar
es
th
e
EP
A
gu
id
el
in
es
fo
r
po
ll
ut
ed
se
di
me
nt
s
wi
th
th
e
re
su
lt
s
ob
ta
in
ed
in
two
st
ud
ie
s
of
th
e
bo
tt
om
se
di
me
nt
s.
Se
di
me
nt
s
ex
ce
ed
in
g
th
e
gu
id
el
in
e
in
a
co
mb
in
at
io
n
of
so
me
of
th
e
pa
ra
me
te
rs
li
st
ed
ar
e
co
ns
id
er
ed
un
su
it
ab
le
for
op
en
la
ke
di
sp
os
al
.
Of
th
e
sa
mp
le
s
ta
ke
n
(14
)
ne
ar
th
e
Du
lu
th
an
d
th
e
Su
pe
ri
or
En
tr
ie
s,
36
%
we
re
co
ns
id
er
ed
su
it
ab
le
fo
r
op
en
la
ke
di
sp
os
al
,
28
%
su
it
ab
le
fo
r
re
st
ri
ct
ed
op
en
la
ke
du
mp
in
g,
an
d
36%
we
re
co
ns
id
er
ed
un
su
it
ab
le
fo
r
op
en
la
ke
du
mp
in
g.
Mi
d—
ch
an
ne
l
se
di
me
nt
s
app
ear
ed
to
be
les
s p
oll
ute
d
tha
n
tho
se
nea
r
the
sid
es
of
the
cha
nne
ls.
Mer
cur
y
lev
els
in
the
sed
ime
nts
app
ear
to
be
on
the
dec
lin
e
(Ta
ble
4.3
-11
).
In
197
0,
the
bot
tom
sam
ple
s
ave
rag
ed
abo
ve
the
EPA
gui
del
ine
of
1
mg/
kg
(1)
, b
ut
sub
seq
uen
t a
nal
ysi
s h
as
sho
wn
low
er
val
ues
(1,
14)
.
2l8
 
   
2
1
9
CO
MP
AR
IS
ON
OF
TA
BL
E
4.
3—
10
DR
ED
GI
NG
GU
ID
EL
IN
ES
FO
R
SE
DI
ME
NT
S
WI
TH
SA
MP
LE
S
OB
TA
IN
ED
IN
ST.
LO
UI
S
BA
Y
AN
D
SU
PE
RI
OR
BA
Y
IN
19
70
AN
D
19
75
a
PARAM
ETER
GUI
DEL
INE
197
0
(1)
197
5
(14
)
 
FO
R
HE
AV
IL
Y
UT
ED
SE
DI
ME
NT
Z
S
A
M
P
L
E
S
OV
ER
GU
ID
EL
IN
E
%
S
A
M
P
L
E
S
O
V
E
R
GU
ID
EL
IN
E
MEA
N(R
ANG
E)
MEA
N(R
ANG
E)
 
Vo
la
ti
le
So
li
ds
(m
g/
kg
)
Che
mic
al
Oxy
gen
Dem
and
(mg
/kg
)
Tota
l Kj
elda
hl N
itro
gen
(mg/kg)
Tot
al
Mer
cur
y
(mg
/kg
)
Lea
d (
mg/
kg)
Zinc (
mg/kg)
 
60,
000
50,
000
54,
000
66,700
(14
,00
0-1
22,
000
)
30
( 9
,2
00
-1
52
,0
00
)
38
51
,0
00
68,
000
(5
,0
00
-1
23
,0
00
)
18
(<
SA
D—
24
0,
00
0)
33
1,
00
0
1,
30
0
(1
25
-2
,5
00
)
31
1,
40
0
(1
20
-4
,7
00
)
30
1.0
1.3
(0.
1—3
.5)
62
50
35
50
74
0.
1
(<
0.
1—
0.
2)
0
(1
0-
72
)
15
25
(<
5—
80
)
7
(3
0-
20
3)
8
11
0
(9
—2
75
)
12
   
a.
Samp
les
take
n at
diff
eren
t
ME
RC
UR
Y
LE
VE
LS
loc
ati
ons
,
and
dif
fer
ent
sed
ime
nt
typ
es
may
hav
e
bee
nin
vol
ved
.
TAB
LE
4.3
-11
IN
TH
E
SE
DI
ME
NT
S
IN
TH
E
TH
RE
E
HA
RB
OU
R
ZO
NE
S
0F
SU
PE
RI
OR
BA
Y
ST
UD
IE
D
IN
19
70
,
19
73
,
AN
D
19
75
a
LO
CA
TI
ON
Hg m
g/kg
1970
(I)
MEA
N
(RA
NGE
)
Hg mg/kg
19
73
(I
)
ME
AN
(R
AN
GE
)
Hg mg/kg
1975
(14)
MEAN
(RANGE
)
 
Ne
ar
Du
lu
th
En
tr
y
Du
lu
th
Tu
rn
in
g
Ba
si
n,
So
ut
hw
es
t
of
Du
lu
th
En
tr
y
Su
pe
ri
or
Tu
rn
in
g
Ba
si
n,
ne
ar
Su
pe
ri
or
En
tr
y
2.3 (1
.6—3.0
)
1.5
(0.
6—2
.3)
0.
5
(0
.3
-0
.7
)
0.3
(0.
1-0
.8)
<0.1
(<0.
1—0.
2)
<0.1 (
<0.1-0
.1)
1.0
(0.1
—1.9
)
1.7
(0.3
—5.4
)
<0.1
(<0.
1—0.
2)
   
 
a.
Sam
ple
s
tak
en
at
dif
fer
ent lo
cat
ion
s a
nd
dif
fer
ent
sed
ime
nt
typ
es
may
hav
e b
een
inv
olv
ed.
 
   
A
Q
U
A
T
I
C
B
I
O
L
O
G
Y
MICROBIOLOGY
T
o
t
a
l
c
o
l
i
f
o
r
m
s
h
a
v
e
b
e
e
n
f
o
u
n
d
t
o
r
a
n
g
e
f
r
o
m
<
2
0
M
P
N
/
l
O
O
m
ﬁ
n
e
a
r
t
h
e
H
i
g
h
w
a
y
I
—
5
3
5
b
r
i
d
g
e
i
n
S
e
p
t
e
m
b
e
r
,
1
9
7
4
(
1
4
)
t
o
8
,
9
0
0
M
P
N
/
l
O
O
m
i
i
n
S
u
p
e
r
i
o
r
B
a
y
b
e
t
w
e
e
n
t
h
e
t
w
o
e
n
t
r
i
e
s
i
n
A
u
g
u
s
t
,
1
9
7
3
(1
).
T
h
e
r
e
l
a
t
i
v
e
l
y
h
i
g
h
c
o
u
n
t
s
o
f
c
o
l
i
f
o
r
m
s
i
n
A
u
g
u
s
t
i
s
b
e
l
i
e
v
e
d
t
o
b
e
t
h
e
r
e
s
u
l
t
o
f
s
t
o
r
m
s
e
w
e
r
discharge (1).
F
e
c
a
l
c
o
l
i
f
o
r
m
s
h
a
v
e
b
e
e
n
f
o
u
n
d
t
o
h
a
v
e
g
e
o
m
e
t
r
i
c
m
e
a
n
s
r
a
n
g
i
n
g
f
r
o
m
<
2
0
M
P
N
/
l
O
O
m
i
n
e
a
r
t
h
e
I
-
5
3
5
b
r
i
d
g
e
in
S
e
p
t
e
m
b
e
r
,
1
9
7
4
to
4
4
0
M
P
N
/
l
O
O
m
2
i
n
M
a
y
,
1
9
7
4
(
1
1
)
.
T
h
e
M
i
n
n
e
s
o
t
a
w
a
t
e
r
q
u
a
l
i
t
y
s
t
a
n
d
a
r
d
f
o
r
f
e
c
a
l
c
o
l
i
f
o
r
m
s
is
2
0
0
M
P
N
/
I
O
O
mi
.
T
h
e
h
i
g
h
v
a
l
u
e
w
a
s
f
o
u
n
d
d
u
r
i
n
g
a
h
i
g
h
f
l
o
w
p
e
r
i
o
d
a
n
d
m
a
y
h
a
v
e
b
e
e
n
d
u
e
to
n
o
n
—
p
o
i
n
t
s
o
u
r
c
e
u
r
b
a
n
r
u
n
o
f
f
.
S
a
m
p
l
e
s
t
a
k
e
n
n
e
a
r
t
h
e
D
u
l
u
t
h
a
n
d
S
up
e
r
i
o
r
w
a
s
t
e
t
r
e
a
t
m
e
n
t
p
l
a
n
t
s
in
Ju
ne
an
d
Ju
ly
,
19
73
(1
)
di
d
n
o
t
e
xc
e
e
d
M
i
n
n
e
s
o
t
a
w
a
t
e
r
q
ua
l
i
t
y
s
t
a
n
d
a
r
d
s
fo
r
f
e
c
a
l
co
li
fo
rm
s.
PHYTOPLANKTON
In
Se
pt
em
be
r,
19
74
(1
2)
b
l
u
e
—
g
r
e
e
n
a
l
g
a
e
(C
ya
no
ph
yc
ea
e)
c
o
m
p
r
i
s
e
d
87
%
of
th
e
a
l
g
a
l
ce
ll
s.
T
h
e
d
o
m
i
n
a
n
t
b
l
u
e
—
g
r
e
e
n
s
p
e
c
i
e
s
w
e
r
e
S
p
i
r
u
l
i
n
a
o
k
e
n
s
i
s
an
d
Ap
ha
ni
zo
me
no
n
fl
os
—a
qu
ae
.
Th
e
me
an
nu
mb
er
wa
s
11
x
10
6
ce
ll
s/
2.
In
la
te
Oc
to
be
r,
th
e
di
at
om
s
(B
ac
il
la
ri
op
hy
ce
ae
)
be
ca
me
th
e
do
mi
na
nt
cl
as
s.
Th
e
me
an
nu
mb
er
wa
s
W
1.
8
x
10
6
ce
ll
s/
R
fo
r
al
l
al
ga
e.
In
ge
ne
ra
l,
hi
gh
q
u
a
n
t
i
t
i
e
s
of
A
p
h
a
n
i
z
o
m
e
n
o
n
f
Z
O
S
—a
q
ua
e
,
e
ug
l
e
n
o
i
d
s
,
an
d
s
o
m
e
sp
ec
ie
s
of
cr
yp
to
mo
na
ds
ar
e
in
di
ca
ti
ve
of
a
hi
gh
le
ve
l
of
or
ga
ni
c
as
we
ll
as
in
or
ga
ni
c
nutrients (15).
ZOOPLANKTON
Th
e
me
an
nu
mb
er
of
cr
us
ta
ce
an
an
d
ro
ti
fe
ra
n
zo
op
la
nk
to
n
fo
un
d
in
Su
pe
ri
or
Ba
y
in
Oc
to
be
r,
19
74
wa
s
13
,1
00
/m
3.
Th
e
mo
st
ab
un
da
nt
pl
an
kt
on
ic
sp
ec
ie
s
we
re
th
e
ro
ti
fe
r
Ke
ra
te
ZZ
a
co
ch
le
ar
is
an
d
th
e
cl
ad
oc
er
an
Bo
sm
in
a
Zongirostris (12).
Th
er
e
wa
s
a
lo
w
ab
un
da
nc
e
of
ca
la
no
id
co
pe
po
ds
(6
%)
co
mp
ar
ed
to
ot
he
r
cr
us
ta
ce
an
an
d
ro
ti
fe
ra
n
zo
op
la
nk
to
n
(1
2)
.
Ga
nn
on
(1
6)
ha
s
co
nc
lu
de
d
th
at
th
e
ra
ti
o
of
ca
la
no
id
co
po
po
ds
to
cl
ad
oc
er
an
s
an
d
ro
ti
fe
rs
is
a
us
ef
ul
in
de
x
to
tr
op
hi
c
ch
an
ge
.
Th
is
va
lu
e
wa
s
0.
08
in
Du
lu
th
—S
up
er
io
r
Ha
rb
or
in
Oc
to
be
r.
Th
is
co
mp
ar
es
wi
th
th
e
va
lu
e
of
0.
17
fo
un
d
in
eu
tr
op
hi
c
La
ke
Er
ie
(1
7)
an
d
co
nt
ra
st
s
wi
th
ol
ig
ot
ro
ph
ic
La
ke
Su
pe
ri
or
wh
ic
h
ha
s
a
va
lu
e
of
about 14.5.
BENTHOS
Th
e
me
an
of
be
nt
hi
c
ma
cr
oi
nv
er
te
br
at
es
in
Su
pe
ri
or
Ba
y
wa
s
fo
un
d
to
be
67
00
/m
2
on
si
lt
y
su
bs
tr
at
es
in
th
e
fa
ll
(1
2)
,
an
d
36
OO
/m
2
fo
r
a
co
mb
in
at
io
n
of
su
bs
tr
at
e
ty
pe
s
in
th
e
sp
ri
ng
(1
4)
.
Ol
ig
oc
ha
et
es
co
mp
ri
se
at
le
as
t
90
%
of
th
e
be
nt
hi
c
ma
cr
oi
nv
er
te
br
at
es
in
mo
st
ar
ea
s
of
th
e
ba
y
(9
,1
2,
14
).
Th
e
do
mi
na
nt
ol
ig
oc
ha
et
e
ap
pe
ar
s
to
be
Li
mn
od
ri
lu
s
hO
fT
Me
is
te
ri
(1
2)
.
Th
e
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c
h
i
r
o
n
o
m
i
d
s
a
r
e
t
h
e
s
e
c
o
n
d
m
o
s
t
a
b
u
n
d
a
n
t
g
r
o
u
p
(N
7%
of
t
h
e
m
a
c
r
o
i
n
v
e
r
t
e
b
r
a
t
e
s
)
a
n
d
w
e
r
e
d
o
m
i
n
a
t
e
d
b
y
a
s
p
e
c
i
e
s
of
C
k
i
r
o
n
o
m
u
s
p
Z
u
m
o
s
a
s
t
y
p
e
in
t
h
e
f
a
l
l
(1
2)
an
d
b
y
C
r
yp
t
o
c
h
i
r
o
n
o
m
us
sp
.
in
th
e
sp
ri
ng
(1
4)
.
In
ge
ne
ra
l,
th
e
b
e
n
t
h
i
c
f
a
u
n
a
is
i
n
d
i
c
a
t
i
v
e
of
h
i
g
h
l
y
e
u
t
r
o
p
h
i
c
c
o
n
d
i
t
i
o
n
s
;
h
o
w
e
v
e
r
,
s
i
g
n
i
f
i
c
a
n
t
n
u
m
b
e
r
s
o
f
p
o
l
l
u
t
i
o
n
—
i
n
t
o
l
e
r
a
n
t
m
a
c
r
o
i
n
v
e
r
t
e
b
r
a
t
e
s
,
s
u
c
h
as
m
a
y
f
l
i
e
s
(
H
e
x
a
g
e
n
i
a
sp
.)
a
n
d
c
a
d
d
i
s
f
l
i
e
s
(
P
h
y
l
o
c
e
n
t
r
o
p
u
s
sp
.)
,
h
a
v
e
b
e
e
n
f
o
u
n
d
i
n
t
h
e
e
a
s
t
e
n
d
o
f
S
u
p
e
r
i
o
r
B
a
y
n
e
a
r
A
l
l
o
u
e
z
B
a
y
(9
)
i
n
d
i
c
a
t
i
n
g
t
h
a
t
t
h
i
s
p
o
r
t
i
o
n
o
f
t
h
e
h
a
r
b
o
u
r
i
s
r
e
l
a
t
i
v
e
l
y
c
l
e
a
n
.
S
U
M
M
A
R
Y
O
F
E
X
I
S
T
I
N
G
A
N
D
D
E
V
E
L
O
P
I
N
G
P
R
O
B
L
E
M
S
B
a
s
e
d
u
p
o
n
c
u
r
r
e
n
t
n
u
t
r
i
e
n
t
l
o
a
d
i
n
g
s
a
n
d
b
i
o
l
o
g
i
c
a
l
i
n
d
i
c
a
t
o
r
s
,
t
h
e
D
u
l
u
t
h
-
S
u
p
e
r
i
o
r
H
a
r
b
o
r
i
s
i
n
a
n
e
u
t
r
o
p
h
i
c
c
o
n
d
i
t
i
o
n
.
N
u
t
r
i
e
n
t
a
n
d
B
O
D
l
o
a
d
i
n
g
s
c
o
n
t
r
i
b
u
t
e
t
o
l
o
w
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
v
a
l
u
e
s
i
n
t
h
e
h
a
r
b
o
u
r
.
V
a
l
u
e
s
o
f
f
e
c
a
l
c
o
l
i
f
o
r
m
,
t
u
r
b
i
d
i
t
y
,
p
h
e
n
o
l
s
,
a
n
d
c
o
p
p
e
r
a
r
e
e
n
c
o
u
n
t
e
r
e
d
i
n
t
h
e
h
a
r
b
o
u
r
w
h
i
c
h
v
i
o
l
a
t
e
M
i
n
n
e
s
o
t
a
w
a
t
e
r
q
u
a
l
i
t
y
s
t
a
n
d
a
r
d
s
.
C
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
s
a
l
s
o
a
r
e
e
n
c
o
u
n
t
e
r
e
d
w
h
i
c
h
r
e
s
t
r
i
c
t
d
r
e
d
g
i
n
g
d
i
s
p
o
s
a
l
m
e
t
h
o
d
s
.
R
E
M
E
D
I
A
L
M
E
A
S
U
R
E
S
A
l
l
d
i
s
c
h
a
r
g
e
r
s
i
n
M
i
n
n
e
s
o
t
a
s
h
o
w
n
i
n
F
i
g
u
r
e
4
.
3
-
1
e
x
c
e
p
t
f
o
r
U
.
S
.
S
t
e
e
l
a
r
e
s
c
h
e
d
u
l
e
d
t
o
b
e
i
n
c
o
r
p
o
r
a
t
e
d
i
n
t
o
t
h
e
W
e
s
t
e
r
n
L
a
k
e
S
u
p
e
r
i
o
r
S
a
n
i
t
a
r
y
D
i
s
t
r
i
c
t
'
s
n
e
w
w
a
s
t
e
t
r
e
a
t
m
e
n
t
p
l
a
n
t
t
o
b
e
l
o
c
a
t
e
d
o
n
S
t
.
L
o
u
i
s
B
a
y
.
T
h
i
s
n
e
w
p
l
a
n
t
i
s
s
c
h
e
d
u
l
e
d
t
o
b
e
c
o
m
p
l
e
t
e
d
i
n
1
9
7
8
a
n
d
w
i
l
l
h
a
v
e
e
f
f
l
u
e
n
t
l
i
m
i
t
a
t
i
o
n
s
o
f
2
5
m
g
/
£
(
4
,
1
7
0
k
g
/
d
)
B
O
D
5
,
3
0
m
g
/
£
(
5
,
0
0
0
k
g
/
d
)
t
o
t
a
l
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
,
a
n
d
1
m
g
/
l
(
1
6
6
k
g
/
d
)
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
.
T
h
i
s
w
i
l
l
r
e
s
u
l
t
i
n
a
9
3
%
r
e
d
u
c
t
i
o
n
o
f
B
O
D
s
,
8
6
%
r
e
d
u
c
t
i
o
n
o
f
t
o
t
a
l
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
,
a
n
d
6
4
%
r
e
d
u
c
t
i
o
n
o
f
p
h
o
s
p
h
o
r
u
s
f
r
o
m
e
x
i
s
t
i
n
g
d
i
s
c
h
a
r
g
e
s
.
A
f
e
c
a
l
c
o
l
i
f
o
r
m
e
f
f
l
u
e
n
t
s
t
a
n
d
a
r
d
o
f
2
0
0
M
P
N
/
l
O
O
m
2
a
n
d
t
u
r
b
i
d
i
t
y
e
f
f
l
u
e
n
t
s
t
a
n
d
a
r
d
o
f
2
5
J
T
U
w
i
l
l
a
l
s
o
b
e
r
e
q
u
i
r
e
d
.
H
o
w
e
v
e
r
,
a
t
s
u
m
m
e
r
l
o
w
—
f
l
o
w
c
o
n
d
i
t
i
o
n
s
t
h
e
c
u
r
r
e
n
t
M
i
n
n
e
s
o
t
a
w
a
t
e
r
q
u
a
l
i
t
y
s
t
a
n
d
a
r
d
f
o
r
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
(
5
m
g
/
ﬁ
)
i
n
t
h
e
S
t
.
L
o
u
i
s
R
i
v
e
r
w
i
l
l
b
e
v
i
o
l
a
t
e
d
f
o
r
m
a
n
y
y
e
a
r
s
,
e
v
e
n
i
f
t
h
e
r
e
w
e
r
e
n
o
d
i
s
c
h
a
r
g
e
t
o
t
h
e
r
i
v
e
r
,
a
s
a
r
e
s
u
l
t
o
f
b
e
n
t
h
i
c
s
l
u
d
g
e
s
a
c
c
u
m
u
l
a
t
e
d
o
v
e
r
m
a
n
y
y
e
a
r
s
.
T
h
e
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
w
i
l
l
h
a
v
e
r
e
c
o
v
e
r
e
d
i
n
S
t
.
L
o
u
i
s
B
a
y
a
n
d
S
u
p
e
r
i
o
r
B
a
y
t
o
s
a
t
i
s
f
a
c
t
o
r
y
l
e
v
e
l
s
(
8
)
.
I
n
a
d
d
i
t
i
o
n
,
a
r
e
h
a
b
i
l
i
t
a
t
i
o
n
p
r
o
g
r
a
m
w
a
s
i
n
i
t
i
a
t
e
d
d
u
r
i
n
g
t
h
e
s
u
m
m
e
r
o
f
1
9
7
6
t
o
p
a
t
c
h
b
r
o
k
e
n
s
a
n
i
t
a
r
y
s
e
w
e
r
l
i
n
e
s
i
n
D
u
l
u
t
h
a
n
d
t
o
s
t
o
p
s
a
n
i
t
a
r
y
s
e
w
e
r
b
y
p
a
s
s
e
s
.
A
l
s
o
,
f
l
o
w
m
o
n
i
t
o
r
i
n
g
i
s
b
e
i
n
g
c
o
n
d
u
c
t
e
d
t
o
f
u
r
t
h
e
r
e
v
a
l
u
a
t
e
t
h
e
a
m
o
u
n
t
o
f
i
n
f
i
l
t
r
a
t
i
o
n
o
f
t
h
e
s
a
n
i
t
a
r
y
s
e
w
e
r
s
.
T
h
e
M
i
n
n
e
s
o
t
a
P
o
l
l
u
t
i
o
n
C
o
n
t
r
o
l
A
g
e
n
c
y
h
a
s
i
n
i
t
i
a
t
e
d
a
l
a
w
S
u
i
t
a
g
a
i
n
s
t
U
.
S
.
S
t
e
e
l
f
o
r
v
i
o
l
a
t
i
o
n
o
f
M
i
n
n
e
s
o
t
a
s
t
a
n
d
a
r
d
s
.
A
N
a
t
i
o
n
a
l
P
o
l
l
u
t
a
n
t
D
i
s
c
h
a
r
g
e
E
l
i
m
i
n
a
t
i
o
n
S
y
s
t
e
m
(
N
P
D
E
S
)
p
e
r
m
i
t
h
a
s
n
o
t
b
e
e
n
i
s
s
u
e
d
t
o
t
h
e
m
a
n
d
i
s
s
u
a
n
c
e
i
s
d
e
p
e
n
d
e
n
t
o
n
a
p
u
b
l
i
c
h
e
a
r
i
n
g
.
N
P
D
E
S
p
e
r
m
i
t
s
h
a
v
e
b
e
e
n
i
S
S
u
e
d
t
o
M
i
n
n
e
s
o
t
a
P
o
w
e
r
a
n
d
L
i
g
h
t
C
o
m
p
a
n
y
a
n
d
S
u
p
e
r
i
o
r
W
a
t
e
r
,
L
i
g
h
t
a
n
d
P
o
w
e
r
C
o
m
p
a
n
y
f
o
r
t
h
e
r
m
a
l
d
i
s
c
h
a
r
g
e
s
;
t
h
e
c
o
m
p
a
n
i
e
s
a
r
e
i
n
c
o
m
p
l
i
a
n
c
e
w
i
t
h
t
h
e
s
e
p
e
r
m
i
t
s
.
T
h
e
t
w
o
W
i
s
c
o
n
s
i
n
d
i
s
c
h
a
r
g
e
r
s
t
o
S
u
p
e
r
i
o
r
B
a
y
a
l
s
o
a
r
e
r
e
q
u
i
r
e
d
t
o
u
p
g
r
a
d
e
t
h
e
i
r
e
f
f
l
u
e
n
t
s
.
S
u
p
e
r
i
o
r
F
i
b
e
r
m
u
s
t
a
c
h
i
e
v
e
3
4
0
k
g
/
d
t
o
t
a
l
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
a
n
d
6
3
4
k
g
/
d
B
O
D
5
.
T
h
e
S
u
p
e
r
i
o
r
w
a
s
t
e
w
a
t
e
r
t
r
e
a
t
m
e
n
t
 
 pl
an
t
mu
st
a
c
h
i
e
ve
57
0
k
g
/
d
to
ta
l
S
us
p
e
n
d
e
d
so
li
ds
,
57
0
k
g
/
d
BO
D5
,
an
d
19
k
g
/
d
p
h
o
s
p
h
o
r
u
s
(
7
)
.
Bo
th
Mi
nn
es
ot
a
an
d
Wi
sc
on
si
n
ha
ve
pe
ti
ti
on
ed
EP
A
fo
r
th
e
es
ta
bl
is
hm
en
t
of
a
no
—d
is
ch
ar
ge
zo
ne
fo
r
wa
te
rc
ra
ft
in
th
e
vi
ci
ni
ty
of
Du
lu
th
-S
up
er
io
r
Ha
rb
or
.
A
de
ci
si
on
on
th
e
ap
pl
ic
at
io
n
is
pe
nd
in
g.
A
de
cl
ar
at
or
y
ju
dg
em
en
t
ac
ti
on
wa
s
br
ou
gh
t
ag
ai
ns
t
fe
de
ra
l
of
fi
ci
al
s
by
Mi
nn
es
ot
a
on
th
e
is
su
e
of
wh
et
he
r
or
no
t
th
e
U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s
mu
st
co
mp
ly
wi
th
Mi
nn
es
ot
a
la
ws
an
d
re
gu
la
ti
on
s
go
ve
rn
in
g
po
ll
ut
io
n
ab
at
em
en
t
in
it
s
dr
ed
gi
ng
op
er
at
io
n.
Th
e
co
ur
t
de
cl
ar
ed
in
Oc
to
be
r
9,
19
75
th
at
Mi
nn
es
ot
a
ha
s
th
e
au
th
or
it
y
to
re
qu
ir
e
de
fe
nd
an
ts
to
co
mp
ly
wi
th
st
at
e
po
ll
ut
io
n
ab
at
em
en
t
re
qu
ir
em
en
ts
in
cl
ud
in
g
ob
ta
in
in
g
a
st
at
e
di
sc
ha
rg
e
pe
rm
it
.
Ho
we
ve
r,
th
is
wa
s
su
bs
eq
ue
nt
ly
ov
er
tu
rn
ed
by
th
e
U.
S.
Co
ur
t
of
Ap
pe
al
s
an
d
ha
s
be
en
fu
rt
he
r
ap
pe
al
ed
to
th
e
U.
S.
Su
pr
em
e
C0
ur
t.
Sa
mp
li
ng
pr
og
ra
ms
ar
e
be
in
g
ac
co
mp
li
sh
ed
to
de
te
rm
in
e
po
ll
ut
io
n
po
te
nt
ia
l
of
dr
ed
ge
d
material.
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@SIWIH BAY
D
E
S
C
R
I
P
T
I
O
N
O
F
T
H
E
S
T
U
D
Y
A
R
E
A
G
E
O
L
O
G
Y
A
N
D
T
O
P
O
G
R
A
P
H
Y
S
i
l
v
e
r
B
a
y
H
a
r
b
o
r
is
l
o
c
a
t
e
d
o
n
t
h
e
n
o
r
t
h
s
h
o
r
e
o
f
L
a
k
e
S
u
p
e
r
i
o
r
a
p
p
r
o
x
i
m
a
t
e
l
y
9
0
k
m
n
o
r
t
h
e
a
s
t
o
f
D
u
l
u
t
h
,
M
i
n
n
e
s
o
t
a
.
T
h
e
h
a
r
b
o
u
r
w
a
s
d
e
v
e
l
o
p
e
d
b
y
t
h
e
R
e
s
e
r
v
e
M
i
n
i
n
g
C
o
m
p
a
n
y
w
h
i
c
h
h
a
s
o
p
e
r
a
t
e
d
a
t
a
c
o
n
i
t
e
o
r
e
b
e
n
e
f
i
c
i
a
t
i
o
n
p
l
a
n
t
a
t
t
h
i
s
s
i
t
e
f
o
r
a
p
p
r
o
x
i
m
a
t
e
l
y
t
h
e
l
a
s
t
t
w
e
n
t
y
y
e
a
r
s
(
s
e
e
F
i
g
u
r
e
4
.
4
—
1
)
.
A
n
o
t
a
b
l
e
t
o
p
o
g
r
a
p
h
i
c
f
e
a
t
u
r
e
o
f
t
h
i
s
p
a
r
t
o
f
L
a
k
e
S
u
p
e
r
i
o
r
i
s
a
l
o
n
g
d
e
e
p
t
r
O
u
g
h
w
h
i
c
h
l
i
e
s
s
o
m
e
9
k
m
o
f
f
s
h
o
r
e
o
f
S
i
l
v
e
r
B
a
y
.
T
h
e
t
r
o
u
g
h
i
s
p
a
r
a
l
l
e
l
t
o
t
h
e
M
i
n
n
e
s
o
t
a
N
o
r
t
h
S
h
o
r
e
a
n
d
m
e
a
s
u
r
e
s
a
p
p
r
o
x
i
m
a
t
e
l
y
9
k
m
b
y
8
3
k
m
b
y
2
7
5
m
d
e
e
p
.
WATER USES
T
h
e
R
e
s
e
r
v
e
M
i
n
i
n
g
C
o
m
p
a
n
y
d
i
s
c
h
a
r
g
e
s
a
p
p
r
o
x
i
m
a
t
e
l
y
6
1
x
1
0
6
k
g
o
f
t
a
c
o
n
i
t
e
t
a
i
l
i
n
g
s
p
e
r
d
a
y
i
n
a
2
.
7
%
s
o
l
i
d
s
s
l
u
r
r
y
o
n
t
o
a
t
a
i
l
i
n
g
s
d
e
l
t
a
i
n
L
a
k
e
S
u
p
e
r
i
o
r
.
T
h
e
d
e
l
t
a
h
a
s
b
e
e
n
f
o
r
m
e
d
b
y
t
h
e
s
e
t
t
l
e
d
h
e
a
v
i
e
r
s
o
l
i
d
s
i
n
t
h
e
w
a
s
t
e
s
l
u
r
r
y
.
O
v
e
r
t
h
e
l
a
s
t
t
w
e
n
t
y
y
e
a
r
s
,
t
h
i
s
d
e
l
t
a
h
a
s
m
o
v
e
d
o
n
e
k
i
l
o
m
e
t
r
e
o
f
f
s
h
o
r
e
a
n
d
t
h
e
f
o
o
t
o
f
t
h
e
d
e
l
t
a
n
o
w
s
t
a
n
d
s
i
n
1
9
5
m
o
f
w
a
t
e
r
.
A
b
o
u
t
4
5
%
o
f
t
h
e
s
o
l
i
d
s
i
n
t
h
e
s
l
u
r
r
y
s
e
t
t
l
e
o
u
t
o
n
t
h
e
d
e
l
t
a
.
T
h
e
r
e
m
a
i
n
i
n
g
s
o
l
i
d
s
s
l
u
r
r
y
i
s
o
f
s
u
f
f
i
c
i
e
n
t
d
e
n
s
i
t
y
t
h
a
t
i
t
f
o
r
m
s
a
d
e
n
s
i
t
y
c
u
r
r
e
n
t
w
h
i
c
h
s
t
r
e
a
m
s
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o
w
n
t
h
e
f
a
c
e
o
f
t
h
e
d
e
l
t
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,
d
e
p
o
s
i
t
i
n
g
m
o
s
t
o
f
t
h
e
r
e
m
a
i
n
i
n
g
m
a
t
e
r
i
a
l
i
n
t
h
e
d
e
e
p
t
r
o
u
g
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o
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s
h
o
r
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.
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d
e
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i
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y
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u
r
r
e
n
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c
i
e
n
t
,
s
o
n
o
t
a
l
l
t
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t
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i
l
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n
g
s
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p
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n
t
h
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p
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r
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h
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e
t
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i
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p
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l
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d
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t
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r
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b
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d
e
p
o
s
i
t
s
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k
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B
a
u
m
g
a
r
t
n
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n
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i
c
a
t
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s
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r
a
c
e
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o
f
t
a
i
l
i
n
g
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d
e
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o
s
i
t
s
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n
d
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h
e
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m
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r
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h
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a
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r
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r
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h
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r
e
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r
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n
d
i
c
a
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o
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o
f
t
a
i
l
i
n
g
s
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r
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n
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a
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r
n
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t
h
e
a
s
t
a
s
t
h
e
K
e
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e
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n
a
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P
e
n
i
n
s
u
l
a
(
S
e
e
C
h
a
p
t
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r
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.
2
)
.
'
S
u
s
p
e
n
d
e
d
t
a
i
l
i
n
g
f
i
n
e
s
h
a
v
e
b
e
e
n
f
o
u
n
d
i
n
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.
S
.
w
a
t
e
r
s
t
h
r
o
u
g
h
o
u
t
w
e
s
t
e
r
n
L
a
k
e
S
u
p
e
r
i
o
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.
M
i
c
r
o
s
c
o
p
i
c
a
m
p
h
i
b
o
l
e
a
s
b
e
s
t
o
s
f
i
b
r
e
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u
n
i
q
u
e
t
o
t
h
e
t
a
c
o
n
i
t
e
t
a
i
l
i
n
g
s
,
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r
e
f
o
u
n
d
i
n
h
i
g
h
n
u
m
b
e
r
s
i
n
w
a
t
e
r
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u
p
p
l
i
e
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o
u
g
h
o
u
t
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h
e
U
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S
.
p
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r
t
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o
f
w
e
s
t
e
r
n
L
a
k
e
Superior (5).
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.
In
a
d
d
i
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i
l
i
z
i
n
g
La
ke
Su
pe
ri
or
as
th
e
so
ur
ce
of
p
r
o
c
e
s
s
w
a
t
e
r
fo
r
us
e
in
th
e
t
a
c
o
n
i
t
e
b
e
n
e
f
i
c
i
a
t
i
o
n
pr
oc
es
s,
R
e
s
e
r
ve
M
i
n
i
n
g
C
o
m
p
a
n
y
a
l
s
o
u
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p
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i
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v
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a
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c
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a
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c
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d
a
p
p
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x
i
m
a
t
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6
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r
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a
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t
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s
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e
M
i
n
i
n
g
'
s
d
i
s
c
h
a
r
g
e
a
r
e
a
(
F
i
g
u
r
e
4
.
4
—1
)
.
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T
a
b
l
e
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.
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1
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r
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h
e
w
a
t
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r
v
o
l
u
m
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s
u
s
e
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.
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t
h
e
r
w
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t
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y
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c
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c
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r
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t
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n
a
l
u
s
e
s
,
p
r
i
m
a
r
i
l
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o
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t
i
n
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E
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A
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U
C
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U
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E
L
a
k
e
S
u
p
e
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i
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r
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t
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i
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o
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c
u
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e
c
e
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b
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A
p
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h
e
l
a
k
e
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s
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o
t
h
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r
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a
l
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a
i
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r
o
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p
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h
e
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a
c
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p
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i
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e
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t
e
m
b
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T
h
e
d
i
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c
h
a
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g
e
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r
o
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R
e
s
e
r
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e
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n
c
r
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a
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t
h
e
t
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b
i
d
i
t
y
i
n
L
a
k
e
S
u
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i
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l
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r
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p
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y
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l
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k
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l
a
s
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o
u
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a
s
t
a
t
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s
t
i
c
a
l
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g
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i
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c
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n
c
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b
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s
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h
e
p
l
a
n
t
(
T
a
b
l
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.
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.
SUSPENDED SOLIDS
B
a
u
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r
(
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p
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c
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c
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f
t
h
i
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m
a
t
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a
l
m
a
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a
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a
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o
f
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c
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n
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f
l
o
w
i
n
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o
t
h
d
i
r
e
c
t
i
o
n
s
a
l
o
n
g
t
h
e
t
r
e
n
c
h
a
x
i
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I
t
a
p
p
e
a
r
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,
h
o
w
e
v
e
r
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t
h
a
t
t
h
e
g
e
n
e
r
a
l
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u
n
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r
c
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c
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b
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e
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c
h
a
r
g
e
.
225
 
    
TABLE [4.4-1
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n
n
t
n
q
u
n
       
a.
Co
rr
ec
te
d
to
25
°C
fr
om
18
0C
T
A
B
L
E
4
.
4
-
3
C
O
M
P
A
R
I
S
O
N
O
F
S
E
C
C
H
I
D
E
P
T
H
S
D
U
R
I
N
G
P
L
A
N
T
C
L
O
S
E
D
V
S
.
P
L
A
N
T
O
P
E
R
A
T
I
N
G
C
O
N
D
I
T
I
O
N
S
A
F
T
E
R
B
A
U
M
G
A
R
T
N
E
R
(2
)
P
L
A
N
T
C
L
O
S
E
D
P
L
A
N
T
O
P
E
R
A
T
I
N
G
t
_
S
T
A
T
I
S
T
I
C
D
E
G
R
E
E
O
F
S
I
G
N
I
F
I
C
A
N
C
E
Y
E
A
R
Av
g.
n
S.
D.
Av
g.
n
[’
S.
D.
F
R
E
E
D
O
M
L
E
V
E
L
(m
)
on
)
 
19
71
11
.4
9
1.
4
7.
8
16
1.
6
7.
1
23
0.
00
1
 
19
72
7.
8
60
2.
0
7.
2
89
1.
9
2.
5
14
7
0.
02
        
 
  
 SECCHI DEPTHS
Ta
bl
e
4.
4—
3
co
mp
ar
es
da
ta
co
ll
ec
te
d
wh
en
th
e
pl
an
t
wa
s
op
er
at
in
g
to
da
ta
co
ll
ec
te
d
wh
en
th
e
pl
an
t
wa
s
sh
ut
do
wn
.
St
at
is
ti
ca
ll
y
si
gn
if
ic
an
t
de
cr
ea
se
s
in
Se
cc
hi
de
pt
h
ar
e
fO
un
d
wh
en
th
e
pl
an
t
is
in
op
er
at
io
n.
DISCOLOURATION
In
cr
ea
se
d
di
sc
ol
ou
ra
ti
on
of
th
e
ne
ar
sh
or
e
wa
te
rs
of
La
ke
Su
pe
ri
or
fr
om
bl
ue
to
a
cl
ou
dy
pa
le
gr
ee
n
ha
s
oc
cu
rr
ed
su
bs
eq
ue
nt
to
th
e
op
en
in
g
of
th
e
ta
co
ni
te
pl
an
t
(1
0)
.
Th
e
ta
il
in
gs
di
sc
ha
rg
e
is
re
sp
on
si
bl
e
(1
1)
.
Th
e
gr
ee
n
co
lo
ur
is
th
e
re
su
lt
of
a
co
mb
in
at
io
n
of
th
e
li
gh
t
re
fl
ec
ti
ve
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
of
s
us
p
e
n
d
e
d
m
a
t
e
r
i
a
l
an
d
ot
he
r
fa
ct
or
s
(2
).
WATER MOVEMENT
T
h
e
c
ur
r
e
n
t
in
th
e
v
i
c
i
n
i
t
y
of
Si
lv
er
Ba
y
is
m3
.5
cm
/s
p
a
r
a
l
l
e
l
to
t
h
e
s
h
o
r
e
a
n
d
n
o
r
m
a
l
l
y
t
o
w
a
r
d
t
h
e
c
i
t
y
of
D
u
l
u
t
h
,
M
i
n
n
e
s
o
t
a
(4
).
D
u
r
i
n
g
s
t
r
a
t
i
f
i
c
a
t
i
o
n
,
u
p
W
e
l
l
i
n
g
s
o
c
c
u
r
o
n
e
o
r
t
w
o
t
i
m
e
s
a
m
o
n
t
h
(
1
2
)
.
D
u
r
i
n
g
e
x
t
e
n
d
e
d
u
p
w
e
l
l
i
n
g
,
w
a
t
e
r
f
r
o
m
1
9
0
m
o
r
d
e
e
p
e
r
c
a
n
r
e
a
c
h
t
h
e
s
u
r
f
a
c
e
.
V
e
r
t
i
c
a
l
v
e
l
o
c
i
t
i
e
s
o
f
u
p
t
o
3
0
m
/
d
h
a
v
e
b
e
e
n
o
b
s
e
r
v
e
d
.
D
u
r
i
n
g
s
t
r
a
t
i
f
i
c
a
t
i
o
n
,
s
t
r
o
n
g
i
n
t
e
r
n
a
l
w
a
v
e
s
w
i
t
h
a
p
e
r
i
o
d
o
f
12
t
o
1
6
h
h
a
v
e
b
e
e
n
o
b
s
e
r
v
e
d
f
r
e
q
u
e
n
t
l
y
(
1
2
)
.
W
a
v
e
h
e
i
g
h
t
s
o
f
u
p
t
o
3
0
m
,
c
r
e
s
t
t
o
t
r
o
u
g
h
,
h
a
v
e
b
e
e
n
o
b
s
e
r
v
e
d
,
w
i
t
h
m
a
x
i
m
u
m
v
e
r
t
i
c
a
l
v
e
l
o
c
i
t
i
e
s
o
f
about 96 m/d.
DISPERSIONS
S
i
n
c
e
t
h
e
d
e
n
s
i
t
y
c
u
r
r
e
n
t
i
s
n
o
t
c
o
m
p
l
e
t
e
l
y
e
f
f
e
c
t
i
v
e
,
p
a
r
t
o
f
t
h
e
w
a
s
t
e
s
t
r
e
a
m
d
i
s
p
e
r
s
e
s
i
n
t
o
t
h
e
l
a
k
e
o
f
f
S
i
l
v
e
r
B
a
y
.
W
h
e
n
u
t
i
l
i
z
e
d
a
t
a
d
e
p
t
h
o
f
6
1
m
,
a
n
u
n
d
e
r
w
a
t
e
r
t
e
l
e
v
i
s
i
o
n
s
y
s
t
e
m
(
2
)
r
e
v
e
a
l
e
d
a
m
o
d
e
r
a
t
e
l
y
d
e
n
s
e
t
u
r
b
i
d
l
a
y
e
r
a
p
p
r
o
x
i
m
a
t
e
l
y
1
2
m
t
h
i
c
k
o
v
e
r
a
m
o
r
e
t
u
r
b
i
d
l
a
y
e
r
2
m
t
h
i
c
k
.
F
u
r
t
h
e
r
o
f
f
s
h
o
r
e
,
a
t
a
d
e
p
t
h
o
f
2
3
0
m
,
t
h
e
l
e
s
s
d
e
n
s
e
l
a
y
e
r
i
s
a
b
o
u
t
1
0
8
m
t
h
i
c
k
a
n
d
t
h
e
m
o
r
e
d
e
n
s
e
l
a
y
e
r
i
s
n
e
a
r
l
y
2
4
m
t
h
i
c
k
.
M
o
r
e
c
o
n
c
e
n
t
r
a
t
e
d
b
i
l
l
o
w
i
n
g
c
l
o
u
d
s
o
f
t
u
r
b
i
d
w
a
t
e
r
a
r
e
v
i
s
i
b
l
e
w
i
t
h
i
n
t
h
e
d
e
n
s
e
r
l
a
y
e
r
.
I
n
t
h
e
p
r
e
s
e
n
c
e
o
f
a
t
h
e
r
m
o
c
l
i
n
e
,
p
a
r
t
o
f
t
h
e
d
e
s
c
e
n
d
i
n
g
d
e
n
s
i
t
y
c
u
r
r
e
n
t
p
e
e
l
s
o
f
f
a
n
d
f
l
o
w
s
a
l
o
n
g
t
h
e
t
h
e
r
m
o
c
l
i
n
e
.
U
p
w
e
l
l
i
n
g
f
u
r
t
h
e
r
i
n
c
r
e
a
s
e
s
t
h
e
d
i
s
p
e
r
s
i
o
n
o
f
t
h
e
w
a
s
t
e
s
t
r
e
a
m
.
T
h
e
d
a
t
a
c
o
l
l
e
c
t
e
d
b
y
B
a
u
m
g
a
r
t
n
e
r
(
2
)
u
n
d
e
r
s
u
m
m
e
r
c
o
n
d
i
t
i
o
n
s
i
n
d
i
c
a
t
e
a
b
o
t
t
o
m
f
l
o
w
d
e
n
s
i
t
y
c
u
r
r
e
n
t
.
G
e
r
a
r
d
e
t
a
1
.
(
1
3
)
d
i
s
e
u
s
s
a
n
i
n
t
e
r
f
l
o
w
d
e
n
s
i
t
y
c
u
r
r
e
n
t
w
h
i
c
h
o
c
c
u
r
s
u
n
d
e
r
w
i
n
t
e
r
c
o
n
d
i
t
i
o
n
s
w
h
e
r
e
t
h
e
d
e
n
s
i
t
y
c
u
r
r
e
n
t
f
l
o
w
s
a
t
s
o
m
e
.
i
n
t
e
r
m
e
d
i
a
t
e
d
e
p
t
h
,
r
a
t
h
e
r
t
h
a
n
a
l
o
n
g
t
h
e
b
o
t
t
o
m
.
T
h
e
y
s
t
a
t
e
:
"
I
t
i
s
a
l
s
o
a
p
p
a
r
e
n
t
t
h
a
t
w
i
n
t
e
r
c
i
r
c
u
l
a
t
i
o
n
i
s
p
r
o
b
a
b
l
y
m
o
r
e
i
m
p
o
r
t
a
n
t
i
n
d
i
s
t
r
i
b
u
t
i
n
g
t
h
e
t
a
c
o
n
i
t
e
s
e
d
i
m
e
n
t
s
f
u
r
t
h
e
r
f
r
o
m
t
h
e
s
o
u
r
c
e
b
e
c
a
u
s
e
o
f
t
h
e
d
e
n
s
i
t
y
s
t
r
u
c
t
u
r
e
o
f
t
h
e
l
a
k
e
a
n
d
t
h
e
o
p
e
r
a
t
i
o
n
o
f
t
h
e
i
n
t
e
r
f
l
o
w
t
y
p
e
o
f
d
e
n
s
i
t
y
c
u
r
r
e
n
t
w
h
i
c
h
c
a
r
r
i
e
s
t
h
e
s
u
s
p
e
n
d
e
d
m
a
t
e
r
i
a
l
.
"
B
a
u
m
g
a
r
t
n
e
r
(
2
)
c
o
n
c
l
u
d
e
s
:
"
T
h
e
d
e
n
s
i
t
y
i
n
t
e
r
f
l
o
w
-
t
h
a
t
o
c
c
u
r
s
d
u
r
i
n
g
w
i
n
t
e
r
c
o
n
d
i
t
i
o
n
s
d
i
s
t
r
i
b
u
t
e
s
t
h
e
b
u
l
k
o
f
t
h
e
t
a
i
l
i
n
g
s
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0
9
App
rox
ima
te
dist
ribu
tion
of
ino
rga
nic
sus
pen
ded
soli
ds
5 m
etr
es
off
bot
tom
Oct
. 2
2 -
24,
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1 (
plo
tte
d v
alu
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per
cen
ts)
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th
ro
ug
ho
ut
th
e
wa
te
r
co
lu
mn
im
me
di
at
el
y
be
lo
w
th
e
le
ve
l
of
th
e
wi
nt
er
th
er
mo
cl
in
e
an
d
wh
en
no
di
st
in
ct
th
er
mo
cl
in
e
ex
is
ts
,
th
is
su
sp
en
de
d
mat
eri
al
cou
ld
be
mix
ed
in
the
sur
fac
e w
ate
rs.
"
Int
ern
al
wav
es
res
ult
in
no
net
ver
tic
al
mot
ion
exc
ept
whe
n
the
y
br
ea
k.
Wh
en
an
in
te
rn
al
wa
ve
en
co
un
te
rs
th
e
up
sl
op
in
g
bo
tt
om
ne
ar
a
co
as
t,
it
ca
n
be
co
me
un
st
ab
le
an
d
br
ea
k.
Al
th
ou
gh
no
me
as
ur
em
en
ts
ar
e
av
ai
la
bl
e
fo
r
br
ea
ki
ng
in
te
rn
al
wa
ve
s
ne
ar
Si
lv
er
Bay
,
be
ca
us
e
of
th
e
st
ee
p
la
ke
bo
tt
om
in
th
e
vi
ci
ni
ty
of
Si
lv
er
Ba
y
an
d
the
la
rg
e
si
ze
of
th
e
in
te
rn
al
wa
ve
s
ob
se
rv
ed
,
th
is
di
sp
er
sa
l
me
ch
an
is
m
ca
nn
ot
be
ru
le
d
out.
In
su
mm
ar
y,
th
e
wa
te
rs
of
fs
ho
re
of
Si
lv
er
Ba
y
co
ns
ti
tu
te
a
hi
gh
ly
di
sp
er
si
ve
en
vi
ro
nm
en
t.
Ve
rt
ic
al
mi
xi
ng
du
e
to
up
we
ll
in
g
ha
s
be
en
do
cu
me
nt
ed
.
In
te
rn
al
br
ea
ki
ng
wa
ve
s
ca
n
we
ll
be
ex
pe
ct
ed
to
en
ha
nc
e
ve
rt
ic
al
mi
xi
ng
.
Th
e
ra
pi
d
de
ep
en
in
g
of
th
e
la
ke
of
fs
ho
re
of
Si
lv
er
Ba
y
re
su
lt
s
in
a
la
rg
e
vo
lu
me
of
wa
te
r
ve
ry
cl
os
e
to
th
e
sh
or
e.
Al
on
gs
ho
re
cu
rr
en
ts
pe
rs
is
t
th
ro
ug
ho
ut
th
e
ye
ar
to
tr
an
sp
or
t
ma
te
ri
al
do
wn
cu
rr
en
t
al
on
g
th
e
sh
or
e.
No
re
al
ba
y
ex
is
ts
in
th
e
ar
ea
to
re
st
ri
ct
ci
rc
ul
at
io
n
an
d
mi
xi
ng
.
Th
e
ne
t
ef
fe
ct
is
a
ve
ry
ef
fe
ct
iv
e
mi
xi
ng
,
di
lu
ti
on
,
an
d
di
sp
er
si
on
of
ma
te
ri
al
di
sc
ha
rg
ed
to
th
e
wa
te
rs
of
f
Si
lv
er
Ba
y.
An
es
ti
ma
te
of
th
e
de
gr
ee
of
di
lu
ti
on
ca
n
be
ob
ta
in
ed
us
in
g
th
e
de
pt
h
co
nt
ou
rs
gi
ve
n
in
Fi
gu
re
4.
4—
1,
an
d
as
su
mi
ng
a
me
an
al
on
gs
ho
re
cu
rr
en
t
ve
lo
ci
ty
of
3.
5
cm
/s
.
Ba
se
d
up
on
th
is
ca
lc
ul
at
io
n,
th
e
ca
lc
ul
at
ed
lo
ad
in
g
ne
ed
ed
to
ef
fe
ct
an
in
cr
ea
se
of
0.
1
mg
/l
in
a
ch
em
ic
al
co
ns
ti
tu
en
t
in
th
e
wa
te
rs
wi
th
in
4
km
of
th
e
sh
or
e
an
d
do
wn
cu
rr
en
t
of
Si
lv
er
Ba
y
wo
ul
d
be
on
th
e
or
de
r
of
10
5
kg
/d
.
As
wi
ll
be
sh
ow
n
la
te
r,
on
ly
th
e
es
ti
ma
te
d
lo
ad
in
gs
of
su
sp
en
de
d
so
li
ds
an
d
di
ss
ol
ve
d
so
li
ds
fr
om
th
e
Re
se
rv
e
Mi
ni
ng
Co
mp
an
y
di
sc
ha
rg
e
ar
e
of
th
is
or
de
r.
Th
er
ef
or
e,
ev
en
th
ou
gh
a
we
al
th
of
da
ta
ha
s
be
en
co
ll
ec
te
d
in
co
nn
ec
ti
on
wi
th
th
e
pr
ot
ra
ct
ed
Re
se
rv
e
Mi
ni
ng
Co
mp
an
y
tr
ia
l,
on
ly
a
ve
ry
sm
al
l
pa
rt
of
th
at
da
ta
ha
s
sh
ow
n
a
st
at
is
ti
ca
ll
y
si
gn
if
ic
an
t
in
cr
ea
se
in
ch
em
ic
al
co
ns
ti
tu
en
ts
in
th
e
la
ke
du
e
to
th
e
ta
il
in
gs
di
sc
ha
rg
e.
CHEMISTRY
WATER CHEMISTRY
W
a
t
e
r
q
u
a
l
i
t
y
i
n
t
h
e
v
i
c
i
n
i
t
y
o
f
S
i
l
v
e
r
B
a
y
h
a
s
b
e
e
n
s
t
u
d
i
e
d
b
e
f
o
r
e
a
n
d
a
f
t
e
r
t
h
e
R
e
s
e
r
v
e
M
i
n
i
n
g
C
o
m
p
a
n
y
c
o
m
m
e
n
c
e
d
o
p
e
r
a
t
i
o
n
s
.
R
e
c
e
n
t
w
a
t
e
r
q
u
a
l
i
t
y
d
a
t
a
a
r
e
s
u
m
m
a
r
i
z
e
d
i
n
T
a
b
l
e
4
.
4
-
4
.
 
S
a
m
p
l
e
s
t
a
k
e
n
o
n
t
r
a
n
s
e
c
t
s
n
o
r
t
h
e
a
s
t
a
n
d
s
o
u
t
h
w
e
s
t
o
f
S
i
l
v
e
r
B
a
y
(
9
)
s
h
o
w
s
t
a
t
i
s
t
i
c
a
l
l
y
s
i
g
n
i
f
i
c
a
n
t
i
n
c
r
e
a
s
e
s
i
n
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
,
*
t
u
r
b
i
d
i
t
y
,
p
o
t
a
s
s
i
u
m
,
a
n
d
m
a
n
g
a
n
e
s
e
s
o
u
t
h
w
e
s
t
(
d
o
w
n
c
u
r
r
e
n
t
)
o
f
S
i
l
v
e
r
B
a
y
(
T
a
b
l
e
4
.
4
-
2
)
.
S
E
D
I
M
E
N
T
C
H
E
M
I
S
T
R
Y
T
a
c
o
n
i
t
e
t
a
i
l
i
n
g
s
c
o
m
p
r
i
s
e
t
h
e
t
o
p
m
o
s
t
l
a
y
e
r
o
f
s
e
d
i
m
e
n
t
i
n
t
h
e
S
i
l
v
e
r
B
a
y
a
r
e
a
.
T
h
e
c
h
e
m
i
c
a
l
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
t
a
c
o
n
i
t
e
t
a
i
l
i
n
g
s
a
r
e
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TABLE 4.4-4
S
U
M
M
A
R
Y
O
F
1
9
6
9
W
A
T
E
R
Q
U
A
L
I
T
Y
D
A
T
A
F
R
O
M
A
R
E
A
A
D
J
A
C
E
N
T
T
O
T
H
E
T
A
I
L
I
N
G
S
D
E
L
T
A
O
F
T
H
E
R
E
S
E
R
V
E
M
I
N
I
N
G
C
O
M
P
A
N
Y
(
1
4
)
       
P
A
R
A
M
E
T
E
R
N
U
M
B
E
R
CO
NC
EI
N
T
R
A
T
I
O
N
0F
SA
MP
LE
S
RA
NG
Ea
ME
AN
a
T
ur
b
i
d
i
t
y
(J
TU
)
21
0.
2
-
1.
2
0.
4
T
o
t
a
l
So
li
ds
20
58
—
70
61
To
ta
l
Vo
la
ti
le
So
li
ds
20
19
—
29
24
S
us
p
e
n
d
e
d
So
li
ds
21
1
-
4
2.
4
S
us
p
e
n
d
e
d
V
o
l
a
t
i
l
e
So
li
ds
21
1
—
4
2.
1
pH
(u
ni
tl
es
s)
21
7.
5
—
8.
0
7.
6
Co
lo
ur
(c
ol
ou
r
un
it
s)
21
<1
'
Di
ss
ol
ve
d
Ox
yg
en
20
12
.3
—
12
.4
12
.3
Sp
ec
if
ic
Co
nd
uc
ti
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ph
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0.
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c
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at
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-
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tr
it
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N
8
<0
.0
2
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r
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e
un
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d
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e.
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co
mp
le
x
an
d
va
ri
ab
le
.
An
al
ys
es
ha
ve
sh
ow
n
th
at
ta
co
ni
te
ta
il
in
gs
co
nt
ai
n
a
la
rg
e
nu
mb
er
of
el
em
en
ts
.
Th
e
pr
im
ar
y
co
mp
on
en
ts
ar
e
ir
on
,
si
li
co
n,
ma
gn
es
iu
m,
ca
lc
iu
m,
ma
ng
an
es
e,
po
ta
ss
iu
m,
al
um
in
um
,
ph
os
ph
or
us
,
su
lp
hu
r,
so
di
um
,
ba
ri
um
,
ti
ta
ni
um
,
an
d
zi
nc
.
Tr
ac
es
of
zi
rc
on
iu
m,
ce
si
um
,
co
ba
lt
,
co
pp
er
,
le
ad
,
ar
se
ni
c,
an
d
ot
he
rs
ar
e
al
so
fo
un
d
(9
).
(S
ee
al
so
Ch
ap
te
r
5.2.)
Th
e
ta
il
in
gs
se
di
me
nt
s
di
ss
ol
ve
at
a
me
as
ur
ab
le
ra
te
an
d
co
nt
ri
bu
te
si
gn
if
ic
an
t
lo
ad
in
gs
of
so
me
ch
em
ic
al
s
an
d
el
em
en
ts
to
th
e
la
ke
(9
,
15
-
17
).
Ki
zl
au
sk
as
(1
8)
co
ns
er
va
ti
ve
ly
es
ti
ma
te
d
th
e
lo
ng
te
rm
di
ss
ol
ut
io
n
of
ta
co
ni
te
ta
il
in
gs
.
Th
e
es
ti
ma
te
s
in
Ta
bl
e
4.
4-
5
th
us
re
pr
es
en
t
a
lo
we
r
li
mi
t
on
th
e
di
ss
ol
ve
d
lo
ad
in
g
fr
om
th
e
de
po
si
te
d
ta
il
in
gs
.
Fo
r
ex
am
pl
e,
th
e
da
ta
pr
es
en
te
d
in
Ta
bl
e
4.
4-
2,
wh
en
co
up
le
d
wi
th
ty
pi
ca
l
fl
ow
s,
pr
od
uc
e
di
ss
ol
ve
d
lo
ad
in
g
es
ti
ma
te
s
a
fa
ct
or
of
te
n
gr
ea
te
r
fo
r
po
ta
ss
iu
m
an
d
ma
ng
an
es
e
th
an
th
os
e
in
Ta
bl
e
4.
4-
5.
Th
e
ta
il
in
gs
di
sc
ha
rg
e
co
nt
ri
bu
te
s
so
me
33
.5
x
10
6
kg
/d
of
su
sp
en
de
d
so
li
ds
to
th
e
la
ke
(1
9)
.
ASBESTOS
Ch
ry
so
ti
le
as
be
st
os
,
wh
ic
h
ac
co
un
ts
fo
r
95
%
of
th
e
wo
rl
d'
s
as
be
st
os
co
ns
um
pt
io
n
(2
0)
,
is
fo
un
d
in
th
e
wa
te
rs
of
al
l
th
e
Gr
ea
t
La
ke
s
(2
1,
22
).
Ch
ry
so
ti
le
pr
ob
ab
ly
en
te
rs
th
e
su
rf
ac
e
wa
te
rs
by
a
co
mb
in
at
io
n
of
le
ac
hi
ng
fr
om
na
tu
ra
l
mi
ne
ra
l
de
po
si
ts
an
d
co
nt
am
in
at
io
n
fr
om
it
s
ma
ny
(e
st
im
at
ed
at
30
00
)
co
mm
er
ci
al
us
es
.
Ch
ry
so
ti
le
is
th
e
pr
ed
om
in
an
t
fo
rm
of
as
be
st
os
in
La
ke
Su
pe
ri
or
ex
ce
pt
in
th
e
we
st
er
n
ar
m
wh
er
e
am
ph
ib
ol
e
as
be
st
os
,
di
sc
ha
rg
ed
in
hi
gh
co
nc
en
tr
at
io
ns
in
th
e
ta
co
ni
te
ta
il
in
gs
,
pr
ed
om
in
at
es
(2
3)
.
Ba
se
d
up
on
ge
ol
og
ic
al
an
d
li
mn
ol
og
ic
al
da
ta
fr
om
19
39
to
th
e
pr
es
en
t,
th
e
di
sc
ha
rg
e
of
ta
co
ni
te
ta
il
in
gs
to
th
e
la
ke
is
th
e
on
ly
so
ur
ce
of
th
e
am
ph
ib
ol
e
in
th
e
we
st
er
n
ar
m
of
th
e
la
ke
(3
).
An
es
ti
ma
te
d
10
21
am
ph
ib
ol
e
as
be
st
os
fi
br
es
pe
r
da
y
ar
e
di
sc
ha
rg
ed
to
th
e
la
ke
in
th
e
ta
il
in
gs
wa
st
e
st
re
am
fr
om
th
e
Re
se
rv
e
Mi
ni
ng
Co
mp
an
y
(24, 25).
In
19
73
,
s
t
ud
y
of
th
e
m
o
r
p
h
o
l
o
g
y
of
a
m
p
h
i
b
o
l
e
p
a
r
t
i
c
l
e
s
in
ta
co
ni
te
‘
t
a
i
l
i
n
g
s
f
i
r
s
t
r
e
v
e
a
l
e
d
t
h
e
a
s
b
e
s
t
i
f
o
r
m
n
a
t
u
r
e
of
t
h
e
p
a
r
t
i
c
l
e
s
.
P
r
i
o
r
1
s
t
u
d
i
e
s
o
f
t
h
e
D
u
l
u
t
h
,
M
i
n
n
e
s
o
t
a
d
r
i
n
k
i
n
g
w
a
t
e
r
s
u
p
p
l
y
h
a
d
a
l
r
e
a
d
y
1
d
e
t
e
c
t
e
d
t
h
e
p
r
e
s
e
n
c
e
o
f
t
a
c
o
n
i
t
e
t
a
i
l
i
n
g
s
.
T
r
a
n
s
m
i
s
s
i
o
n
e
l
e
c
t
r
o
n
m
i
c
r
o
s
c
o
p
e
a
n
a
l
y
s
i
s
o
f
D
u
l
u
t
h
w
a
t
e
r
s
a
m
p
l
e
s
c
o
n
f
i
r
m
e
d
t
h
e
p
r
e
s
e
n
c
e
o
f
m
a
n
y
a
m
p
h
i
b
o
l
e
f
i
b
r
e
s
(
5
)
.
T
h
e
d
a
t
a
i
n
F
i
g
u
r
e
4
.
4
-
4
g
i
v
e
a
c
l
e
a
r
i
n
d
i
c
a
t
i
o
n
o
f
t
h
e
s
o
u
r
c
e
a
n
d
g
e
o
g
r
a
p
h
i
c
a
l
d
i
s
t
r
i
b
u
t
i
o
n
o
f
a
m
p
h
i
b
o
l
e
a
s
b
e
s
t
o
s
i
n
t
h
e
w
e
s
t
e
r
n
e
n
d
o
f
L
a
k
e
S
u
p
e
r
i
o
r
(
2
6
)
.
T
h
e
d
a
t
a
i
n
d
i
c
a
t
e
t
h
a
t
t
h
e
R
e
s
e
r
v
e
.
M
i
n
i
n
g
C
o
m
p
a
n
y
i
s
t
h
e
s
o
u
r
c
e
o
f
t
h
e
a
m
p
h
i
b
o
l
e
.
T
h
e
d
e
c
r
e
a
s
e
i
n
f
i
b
r
e
c
o
u
n
t
s
i
n
t
h
e
c
o
u
n
t
e
r
c
l
o
c
k
w
i
s
e
d
i
r
e
c
t
i
o
n
i
s
c
o
n
s
i
s
t
e
n
t
w
i
t
h
t
h
e
o
b
s
e
r
v
e
d
c
o
u
n
t
e
r
—
c
l
o
c
k
w
i
s
e
c
i
r
c
u
l
a
t
i
o
n
i
n
t
h
i
s
p
a
r
t
o
f
t
h
e
l
a
k
e
(
S
e
e
C
h
a
p
t
e
r
s
5
.
1
a
n
d
4
.
1
)
a
n
d
i
s
c
o
n
s
i
s
t
e
n
t
w
i
t
h
t
h
e
o
b
s
e
r
v
e
d
t
r
a
n
s
p
o
r
t
o
f
t
a
i
l
i
n
g
s
i
n
d
i
c
a
t
e
d
in Figure 4.4—3.
T
h
e
p
r
e
s
e
n
c
e
o
f
a
m
p
h
i
b
o
l
e
a
s
b
e
s
t
o
s
i
n
t
h
e
T
h
u
n
d
e
r
B
a
y
w
a
t
e
r
i
n
t
a
k
e
c
o
u
l
d
b
e
a
c
c
o
u
n
t
e
d
f
o
r
b
y
t
h
e
c
i
r
c
u
l
a
t
i
o
n
p
a
t
t
e
r
n
s
,
b
u
t
t
h
e
h
i
g
h
f
i
b
r
e
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L
E
4
.
4
-
5
E
S
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T
E
O
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D
I
S
S
O
L
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E
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L
O
A
D
I
N
G
T
O
L
A
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E
S
U
P
E
R
I
O
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F
R
O
M
T
H
E
R
E
S
E
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V
E
M
I
N
I
N
G
C
O
M
P
A
N
Y
(
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8
)
P
A
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E
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E
R
L
O
A
D
I
N
G
S
,
k
g
/
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C
a
l
c
i
u
m
2
0
,
0
0
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M
a
g
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3
0
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o
d
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2
,
8
0
0
P
o
t
a
s
s
i
u
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,
5
0
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A
l
k
a
l
i
n
i
t
y
3
0
,
0
0
0
S
u
l
f
a
t
e
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a
s
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0
4
1
,
7
0
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h
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o
r
i
d
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,
4
0
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R
e
a
c
t
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v
e
S
i
l
i
c
a
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e
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s
5
1
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2
2
4
,
0
0
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M
a
n
g
a
n
e
s
e
1
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P
h
o
s
p
h
o
r
u
s
N
e
g
l
i
g
i
b
l
e
I
r
o
n
N
e
g
l
i
g
i
b
l
e
C
o
p
p
e
r
N
e
g
l
i
g
i
b
l
e
Z
i
n
c
N
e
g
l
i
g
i
b
l
e
N
i
c
k
e
l
N
e
g
l
i
g
i
b
l
e
C
a
d
m
i
u
m
N
e
g
l
i
g
i
b
l
e
L
e
a
d
N
e
g
l
i
g
i
b
l
e
A
m
m
o
n
i
a
,
a
s
N
N
e
g
l
i
g
i
b
l
e
N
i
t
r
i
t
e
,
a
s
N
N
e
g
l
i
g
i
b
l
e
N
i
t
r
a
t
e
,
a
s
N
9
0
D
i
s
s
o
l
v
e
d
S
o
l
i
d
s
8
3
,
0
0
0
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Figure 4.4-4
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.
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O
n
t
o
n
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 c
o
u
n
t
s
a
n
d
t
h
e
l
a
r
g
e
f
i
b
r
e
s
f
o
u
n
d
i
n
d
i
c
a
t
e
t
h
a
t
a
l
o
c
a
l
s
o
u
r
c
e
i
s
r
e
s
p
o
n
s
i
b
l
e
.
T
h
u
n
d
e
r
B
a
y
i
s
s
u
r
r
o
u
n
d
e
d
b
y
t
h
e
G
u
n
f
l
i
n
t
i
r
o
n
f
o
r
m
a
t
i
o
n
,
w
h
e
r
e
p
o
c
k
e
t
s
o
f
a
m
p
h
i
b
o
l
e
h
a
v
e
b
e
e
n
f
o
u
n
d
(
2
7
)
.
(
S
e
e
C
h
a
p
t
e
r
4
.
2
.
)
A
Q
U
A
T
I
C
B
I
O
L
O
G
Y
M
I
C
R
O
B
I
O
L
O
G
Y
T
h
e
t
o
t
a
l
h
e
t
e
r
o
t
r
o
p
h
i
c
b
a
c
t
e
r
i
a
l
d
e
n
s
i
t
i
e
s
i
n
t
h
e
l
a
u
n
d
e
r
e
f
f
l
u
e
n
t
e
x
c
e
e
d
t
h
a
t
o
b
s
e
r
v
e
d
i
n
t
h
e
i
n
t
a
k
e
w
a
t
e
r
.
F
i
s
c
h
e
r
a
n
d
c
o
—
w
o
r
k
e
r
s
(
2
8
)
r
e
p
o
r
t
e
d
a
n
a
v
e
r
a
g
e
h
e
t
e
r
o
t
r
o
p
h
i
c
b
a
c
t
e
r
i
a
l
d
e
n
s
i
t
y
i
n
t
h
e
u
n
t
r
e
a
t
e
d
l
a
u
n
d
e
r
e
f
f
l
u
e
n
t
o
f
6
,
2
0
0
b
a
c
t
e
r
i
a
/
m
2
c
o
m
p
a
r
e
d
t
o
a
v
a
l
u
e
o
f
2
,
0
0
0
/
m
2
i
n
t
h
e
i
n
t
a
k
e
w
a
t
e
r
.
T
h
i
s
i
n
c
r
e
a
s
e
i
s
a
t
t
r
i
b
u
t
a
b
l
e
t
o
t
h
e
h
e
t
e
r
o
t
r
o
p
h
i
c
b
a
c
t
e
r
i
a
l
l
o
a
d
c
o
n
t
r
i
b
u
t
e
d
b
y
t
h
e
o
r
e
a
n
d
/
o
r
t
o
m
u
l
t
i
p
l
i
c
a
t
i
o
n
o
f
t
h
e
b
a
c
t
e
r
i
a
i
n
t
h
e
p
r
o
c
e
s
s
w
a
t
e
r
p
a
s
s
i
n
g
t
h
r
o
u
g
h
t
h
e
p
l
a
n
t
.
C
o
r
r
e
s
p
o
n
d
i
n
g
l
e
v
e
l
s
f
o
r
c
o
l
i
f
o
r
m
a
v
e
r
a
g
e
d
<
1
b
a
c
t
e
r
i
u
m
/
1
0
0
m
l
i
n
t
h
e
l
a
u
n
d
e
r
e
f
f
l
u
e
n
t
a
n
d
a
p
p
r
o
x
i
m
a
t
e
l
y
1
/
1
0
0
m
l
i
n
t
h
e
i
n
t
a
k
e
w
a
t
e
r
.
F
i
s
c
h
e
r
a
n
d
c
o
—
w
o
r
k
e
r
s
(
2
8
)
f
o
u
n
d
t
h
a
t
t
h
e
e
f
f
e
c
t
o
f
t
h
e
d
i
s
c
h
a
r
g
e
o
n
t
h
e
b
a
c
t
e
r
i
a
l
p
o
p
u
l
a
t
i
o
n
o
f
t
h
e
l
a
k
e
i
t
s
e
l
f
v
a
r
i
e
s
w
i
t
h
d
i
s
t
a
n
c
e
f
r
o
m
t
h
e
o
u
t
f
a
l
l
.
B
a
c
t
e
r
i
a
l
g
r
o
w
t
h
i
s
i
n
h
i
b
i
t
e
d
i
n
t
h
e
p
r
o
x
i
m
i
t
y
o
f
t
h
e
o
u
t
f
a
l
l
a
n
d
o
f
f
s
h
o
r
e
t
o
t
h
e
s
o
u
t
h
w
e
s
t
.
A
t
a
d
i
s
t
a
n
c
e
o
f
1
0
t
o
1
5
k
m
f
r
o
m
t
h
e
d
e
l
t
a
,
w
h
e
r
e
t
h
e
t
a
i
l
i
n
g
s
c
o
n
c
e
n
t
r
a
t
i
o
n
i
s
l
e
s
s
,
t
h
e
r
e
i
s
a
n
a
r
e
a
o
f
s
t
i
m
u
l
a
t
i
o
n
f
o
r
b
a
c
t
e
r
i
a
l
g
r
o
w
t
h
w
h
i
c
h
i
s
f
o
l
l
o
w
e
d
b
y
a
z
o
n
e
n
o
t
e
x
h
i
b
i
t
i
n
g
a
d
e
t
e
c
t
a
b
l
e
e
f
f
e
c
t
.
T
h
i
s
i
n
d
i
c
a
t
e
s
t
h
a
t
h
i
g
h
t
a
i
l
i
n
g
s
d
e
n
s
i
t
i
e
s
i
n
h
i
b
i
t
t
h
e
g
r
o
w
t
h
o
f
h
e
t
e
r
o
t
r
o
p
h
i
c
b
a
c
t
e
r
i
a
i
n
t
h
e
l
a
k
e
a
n
d
t
h
a
t
l
o
w
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
t
a
i
l
i
n
g
s
s
t
i
m
u
l
a
t
e
t
h
e
g
r
o
w
t
h
o
f
t
h
e
o
r
g
a
n
i
s
m
s
.
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p
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a
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o
n
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t
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t
a
i
l
i
n
g
s
i
n
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
r
a
n
g
e
o
f
0
.
0
4
1
t
o
4
1
0
m
g
/
2
a
s
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
s
t
i
m
u
l
a
t
e
t
h
e
g
r
o
w
t
h
o
f
t
h
e
n
a
t
i
v
e
a
l
g
a
e
o
f
L
a
k
e
S
u
p
e
r
i
o
r
.
H
e
c
o
n
c
l
u
d
e
d
t
h
a
t
m
a
n
g
a
n
e
s
e
a
n
d
p
h
o
s
p
h
o
r
u
s
d
i
s
s
o
l
v
i
n
g
f
r
o
m
t
h
e
t
a
i
l
i
n
g
s
w
e
r
e
t
w
o
o
f
t
h
e
s
t
i
m
u
l
a
t
o
r
y
a
g
e
n
t
s
a
n
d
t
h
a
t
t
h
e
r
e
i
s
a
n
o
t
h
e
r
u
n
i
d
e
n
t
i
f
i
e
d
s
t
i
m
u
l
a
t
o
r
y
a
g
e
n
t
p
r
e
s
e
n
t
in tailings.
G
o
l
d
m
a
n
(
3
0
)
o
b
t
a
i
n
e
d
s
i
m
i
l
a
r
r
e
s
u
l
t
s
i
n
t
h
e
r
a
n
g
e
o
f
0
.
0
0
0
1
6
t
o
1
6
m
g
/
2
t
a
i
l
i
n
g
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
s
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
w
i
t
h
t
h
e
r
a
n
g
e
o
f
0
.
0
0
1
6
t
o
0
.
1
6
m
g
/
2
b
e
i
n
g
t
h
e
m
o
s
t
s
t
i
m
u
l
a
t
o
r
y
.
PERIPHYTON
P
e
r
i
p
h
y
t
o
n
a
r
e
a
g
r
o
u
p
o
f
i
m
p
o
r
t
a
n
t
b
o
t
t
o
m
—
a
t
t
a
c
h
e
d
f
o
o
d
—
p
r
o
d
u
c
i
n
g
a
l
g
a
e
f
o
u
n
d
i
n
s
h
a
l
l
o
w
a
r
e
a
s
w
h
e
r
e
l
i
g
h
t
p
e
n
e
t
r
a
t
i
o
n
i
s
a
d
e
q
u
a
t
e
t
o
m
a
i
n
t
a
i
n
p
h
o
t
o
s
y
n
t
h
e
s
i
s
.
H
e
d
t
k
e
(
3
1
)
r
e
p
o
r
t
e
d
t
h
a
t
p
e
r
i
p
h
y
t
o
n
g
r
o
w
t
h
w
a
s
s
i
g
n
i
f
i
c
a
n
t
l
y
s
t
i
m
u
l
a
t
e
d
i
n
t
a
n
k
s
w
h
e
r
e
t
a
i
l
i
n
g
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
> 5 mg/l.
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 BENTHOS
The enormous tonnage of tailings discharged each day causes reductions
of benthic organisms immediately below the Reserve outfall launders.
How much reduction occurs, the size of the area affected, and how the
change will affect other components of the ecosystem are important
questions.
The small freshwater shrimp of the genus Pontoporeia is recognized
as a dominant form of Lake Superior bottom fauna which serves as a
primary food for lake trOut and other species of fish. Henson (32) and
his co-workers concluded that significant changes in the number of
organisms and their community structure have occurred. In 1949, prior
to the operation of the taconite plant, the benthic communities were
approximately homogeneously distributed throughout the area. By 1968
there had been a significant shift in the distribution of the total
numbers of organisms above (northeast) vs. below (southwest) the discharge.
The distribution of organisms found within taxa was greatly different
between the two years; there were a large reduction of antoporeia and
increases in Oligochaetes, Sphaeriids, and Chironomids below the plant.
Oligochaetes and/or Chironomids replaced Pontoporeia as the dominant
taxa for the sampling stations located at 40 and 16 km below the discharge.
Also a massive distributional shift in the benthic population structure
occurs to at least 28 km downcurrent from the outfall. At 48 km below
the tailings outfall Pontoporeia are again dominant.
The reduction of Pontoporeia populations can/result in the following
generalized ecological changes in the area of Lake Superior affected by
the discharge (32):
(1) Reduce the growth and abundance of fish populations.
(2) Increase the predation of Mysis.
(3)
Incr
ease
the
pred
ator
y co
mpet
itio
n fo
r th
e re
main
ing
anto
pore
ia
populations.
(4)
Alt
er
the
str
uct
ure
of
the
ben
thi
c
pop
ula
tio
n
and
dom
ina
nce
relationships.
(5)
In
cr
ea
se
th
e
pr
es
su
re
on
th
e
al
te
rn
at
iv
e
fo
od
so
ur
ce
s
Su
ch
as
fish.eggs.
FISH
Ta
il
in
gs
ar
e
di
re
ct
ly
to
xi
c
to
on
ly
th
e
mo
re
se
ns
it
iv
e
fi
sh
at
hi
gh
concentrations.
A
nu
mb
er
of
el
em
en
ts
in
ta
il
in
gs
ar
e
bi
ol
og
ic
al
ly
av
ai
la
bl
e
(3
3)
.
Th
e
li
ve
r
an
d/
or
ki
dn
ey
of
ra
in
bo
w
tr
ou
t
ac
cu
mu
la
te
d
so
di
um
,
po
ta
ss
iu
m,
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 b
r
o
m
i
n
e
,
i
r
o
n
,
c
e
s
i
u
m
,
c
o
b
a
l
t
,
a
n
d
r
u
b
i
d
i
u
m
.
N
o
t
a
l
l
t
h
e
e
l
e
m
e
n
t
s
t
h
a
t
m
a
y
b
e
t
a
k
e
n
u
p
b
y
t
h
e
t
e
s
t
f
i
s
h
w
e
r
e
m
e
a
s
u
r
e
d
.
F
i
s
h
a
r
e
k
n
o
w
n
t
o
a
v
o
i
d
t
h
e
t
a
i
l
i
n
g
s
—
d
i
s
c
o
l
o
u
r
e
d
w
a
t
e
r
(
1
0
)
.
S
U
M
M
A
R
Y
O
F
E
X
I
S
T
I
N
G
A
N
D
D
E
V
E
L
O
P
I
N
G
P
R
O
B
L
E
M
S
T
h
e
a
m
p
h
i
b
o
l
e
a
s
b
e
s
t
o
s
p
a
r
t
i
c
l
e
s
d
i
s
c
h
a
r
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d
a
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S
i
l
v
e
r
B
a
y
h
a
v
e
b
e
e
n
d
e
t
e
c
t
e
d
i
n
h
i
g
h
n
u
m
b
e
r
s
i
n
t
h
e
w
a
t
e
r
s
u
p
p
l
i
e
s
o
f
S
i
l
v
e
r
B
a
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,
B
e
a
v
e
r
B
a
y
,
T
w
o
H
a
r
b
o
r
s
,
D
u
l
u
t
h
,
a
n
d
C
l
o
q
u
e
t
,
M
i
n
n
e
s
o
t
a
(
5
)
.
T
h
e
s
e
a
s
b
e
s
t
o
s
p
a
r
t
i
c
l
e
s
p
o
s
e
a
p
o
t
e
n
t
i
a
l
h
e
a
l
t
h
h
a
z
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r
d
a
n
d
t
h
e
i
r
d
i
s
c
h
a
r
g
e
h
a
s
b
e
e
n
r
u
l
e
d
a
n
d
s
u
s
t
a
i
n
e
d
t
o
b
e
i
n
v
i
o
l
a
t
i
o
n
o
f
M
i
n
n
e
s
o
t
a
w
a
t
e
r
q
u
a
l
i
t
y
s
t
a
n
d
a
r
d
s
(
3
4
,
3
5
)
.
I
n
a
d
d
i
t
i
o
n
,
i
t
h
a
s
b
e
e
n
r
u
l
e
d
a
n
d
s
u
s
t
a
i
n
e
d
t
h
a
t
t
h
e
d
i
s
c
h
a
r
g
e
c
o
n
s
t
i
t
u
t
e
s
p
o
l
l
u
t
i
o
n
o
f
w
a
t
e
r
s
e
n
d
a
n
g
e
r
i
n
g
t
h
e
h
e
a
l
t
h
a
n
d
w
e
l
f
a
r
e
o
f
p
e
r
s
o
n
s
w
i
t
h
i
n
t
h
e
t
e
r
m
s
o
f
t
h
e
F
e
d
e
r
a
l
W
a
t
e
r
P
o
l
l
u
t
i
o
n
C
o
n
t
r
o
l
A
c
t
(3
4,
35
).
T
h
e
p
r
o
b
l
e
m
s
c
a
u
s
e
d
b
y
t
h
e
a
p
p
r
o
x
i
m
a
t
e
l
y
t
w
e
n
t
y
y
e
a
r
s
o
f
d
i
s
c
h
a
r
g
e
w
i
l
l
r
e
m
a
i
n
i
n
L
a
k
e
S
u
p
e
r
i
o
r
f
o
r
a
l
o
n
g
t
i
m
e
.
T
h
e
p
r
e
s
e
n
c
e
o
f
a
s
b
e
s
t
i
f
o
r
m
f
i
b
r
e
s
i
n
t
h
e
m
u
n
i
c
i
p
a
l
d
r
i
n
k
i
n
g
w
a
t
e
r
o
f
N
o
r
t
h
S
h
o
r
e
c
o
m
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u
n
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t
i
t
i
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s
w
i
l
l
r
e
m
a
i
n
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n
d
w
i
l
l
n
e
c
e
s
s
i
t
a
t
e
t
r
e
a
t
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e
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r
f
i
b
r
e
r
e
m
o
v
a
l
.
 
T
h
e
s
e
d
i
m
e
n
t
s
w
i
l
l
c
o
n
t
i
n
u
e
t
o
c
o
n
t
r
i
b
u
t
e
d
i
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o
l
v
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d
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o
m
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s
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i
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e
r
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t
i
t
i
a
l
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n
d
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h
e
o
v
e
r
l
y
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g
w
a
t
e
r
o
f
t
h
e
l
a
k
e
.
T
h
e
s
e
d
i
m
e
n
t
s
w
h
i
c
h
a
r
e
d
e
p
o
s
i
t
e
d
i
n
t
h
e
s
h
a
l
l
o
w
e
r
a
r
e
a
s
o
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t
h
e
l
a
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a
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b
j
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c
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o
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o
n
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i
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e
d
r
e
s
u
s
p
e
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i
o
n
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,
2
5
,
3
6
)
.
S
i
g
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i
f
i
c
a
n
t
w
i
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r
a
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i
l
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h
e
a
i
r
a
n
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b
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p
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p
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u
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T
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i
s
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e
c
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s
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a
i
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b
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c
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c
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c
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c
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p
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p
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b
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c
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l
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p
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c
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r
t
h
e
d
e
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l
l
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g
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r
e
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c
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c
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r
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b
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.
B
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s
e
d
u
p
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n
t
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e
c
u
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e
r
n
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t
r
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n
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d
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r
y
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v
e
m
e
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o
f
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m
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o
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e
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b
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p
r
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a
b
l
y
b
e
l
o
w
t
h
e
p
r
e
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e
n
t
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e
t
e
c
t
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T
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r
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p
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i
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o
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c
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b
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c
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L
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S
u
p
e
r
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r
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T
h
e
l
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t
e
n
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p
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r
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b
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t
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e
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e
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b
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f
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h
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c
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c
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b
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b
e
e
v
i
d
e
n
t
f
o
r
a
t
l
e
a
s
t
2
0
y
e
a
r
s
.
C
i
t
y
o
f
D
u
l
u
t
h
s
a
m
p
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d
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b
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p
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(
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)
.
F
u
r
t
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e
r
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u
s
e
f
o
r
a
l
a
r
m
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s
u
l
t
s
f
r
o
m
t
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e
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r
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-
t
e
r
m
e
x
p
o
s
u
r
e
s
t
o
a
i
r
b
o
r
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e
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b
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t
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c
r
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d
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1
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e
e
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e
c
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f
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e
s
t
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d
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b
e
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u
l
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l
a
r
p
a
t
t
e
r
n
.
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The data presented in Table 4.4-2 indicate a violation in 1971 of
the proposed Agreement objective for settleable and suspended solids and
light transmission since that data indicate a decrease in Secchi disk
depth of greater than 10%.
The discharge degrades the aesthetic enjoyment of the lake by
increasing the green water phenomenonalong the north shore of the lake.
The discharge violates the Minnesota effluent limitations for
turbidity and suspended solids which are 25 JTU and 30 mg/R, respectively.
The discharge has been shown to be harmful to benthic organisms,
since it has decreased their numbers and caused a distributional shift
in the community structure in the vicinity of Silver Bay.
The discharge degrades the water quality by reducing its clarity
and results in significant dissolved loadings of some chemical parameters.
Studies cited above indicate that by being stimulatory to phyto-
plankton and heterotrophic bacteria growth the tailings may contribute
to the enrichment of the waters of the lake.
ABATEMENT PROGRAMS
The outcome of the current litigation is expected to be that the
tailings discharged to Lake Superior from the Reserve Mining Company
will be eliminated and that the tailings will be diverted to an on—land
disposal site. This expectation is clearly demonstrated in the U.S.
Court of Appeals decision. The court concluded that "the pollution of
Lake Superior must cease as quickly as feasible." The stay of the
District Court's injunction forbidding the discharge was further con—
ditioned by the requirement that Reserve Mining take prompt steps to
abate its discharges, both to the air and the water (35).
Toward this end, public hearings held for consideration of the
permit for a proposed on—land disposal site were concluded early in
1976. The primary question is the location of an acceptable site and
when the current discharge to the lake will be terminated.
The technique of ordinary sand filtration removes about 90% of the
asbestos fibres in the water supplies (211, A pilot plant research study
conducted at Duluth, Minnesota in 1974 demonstrated that ashestiform
fibre counts can be effectively removed by municipal filtration plants.
Removal of asbestiform fibres to a level near or below the detectable
limits of the analytical test was achieved with both granular filtration
and pressure diatomaceous earth filtration (37). Using chemical coag-
ulation with iron salts and polyelectrolytes followed by filtration, up
to 99.8% fibre removal has been achieved (21). The city of Duluth has
completed a water filtrationplant to remove the asbestiform fibres.
The cities of Two Harbors, Cloquet, Beaver Bay, Silver Bay, and Thunder
Bay are taking action to construct water filtration plants to remove
asbestiform fibres.
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 D @NINISIINII- IIIISIIIIIII [MINNIE
INTRODUCTION
The
und
ers
tan
din
g
of
the
mas
s
exc
han
ge
fro
m
the
nea
rsh
ore
wat
ers
to
the
ope
n l
ake
is
an
imp
ort
ant
too
l
for
wat
er
qua
lit
y
man
age
men
t.
Imp
rov
eme
nt
of
thi
s
und
ers
tan
din
g
all
ows
a b
ett
er
def
ini
tio
n
of
the
ass
imi
lat
ive
cap
aci
ty
of
coa
sta
l
wat
ers
and
thu
s
ser
ves
to
pro
tec
t
wat
er
use
and
to
bet
ter
def
ine
needed pollution control.
For
the
pur
pos
e
of
thi
s
dis
cus
sio
n,
the
nea
rsh
ore
reg
ion
is
def
ine
d a
s
tha
t
par
t
of
the
lak
e
whe
re
wat
er
qua
lit
y
is
cha
nge
d
due
to
mat
eri
al
inp
uts
compared to the open lake quality.
ME
TH
OD
S
FO
R
ES
TI
MA
TI
NG
MA
SS
EX
CH
AN
GE
The
mas
s
exc
han
ge
is
the
tra
nsp
ort
of
mat
eri
al
fro
m
one
spa
tia
l
loc
ati
on
to
ano
the
r.
Thi
s
tra
nsp
ort
is
aff
ect
ed
by
win
ds,
tri
but
ary
flo
ws,
str
ati
fic
a-
tio
n,
sur
fac
e
ele
vat
ion
dif
fer
enc
es,
sho
rel
ine
geo
met
ry,
bot
tom
top
ogr
aph
y,
and
lak
e a
ssi
mil
ati
ve
(bi
olo
gic
al,
che
mic
al,
phy
sit
al)
rea
cti
ons
to
nam
e
the
mor
e i
mpo
rta
nt
one
s.
The
mos
t p
rim
iti
ve
pre
dic
tio
n o
f m
ass
exc
han
ge
is
a
sta
tis
tic
al
app
roa
ch.
In
thi
s m
eth
od,
one
com
par
es
wat
er
qua
lit
y a
t v
ari
ous
tim
es
and
/or
loc
ati
ons
and
mak
es
sta
tis
tic
al
inf
ere
nce
s.
In
its
sim
ple
st
for
m
it
can
be
use
d
for
ind
ica
tin
g
dif
fer
enc
es;
how
eve
r,
it
is
pos
sib
le
to
evo
lve
a
pre
dic
tiv
e
cap
abi
lit
y b
y
app
lyi
ng
tec
hni
que
s
lik
e m
ult
iva
ria
te
(1)
or
fac
tor
an
al
ys
is
(2)
or
a
sp
ec
tr
al
me
th
od
li
ke
th
e
Bo
x
an
d
Je
nk
in
s
(3)
te
ch
ni
qu
e.
Th
e
ef
fi
ci
en
cy
of
th
es
e
me
th
od
s
de
pe
nd
s
on
th
e
co
mp
le
te
ne
ss
of
th
e
in
pu
t
da
ta
an
d
intelligent manipulation of these data.
Th
e
ne
xt
le
ve
l
in
th
e
pr
ed
ic
ti
on
hi
er
ar
ch
y
co
ns
is
ts
of
mo
de
ls
wh
ic
h
ar
e
qu
as
i-
de
te
rm
in
is
ti
c.
In
th
es
e
me
th
od
s,
fo
rm
s
of
th
e
op
er
at
iv
e
ra
te
eq
ua
ti
on
s
ar
e
so
lv
ed
by
ob
ta
in
in
g
a
so
lu
ti
on
wh
ic
h
ma
tc
he
s
su
rv
ey
fi
el
d
da
ta
.
Ty
pi
ca
ll
y,
th
es
e
ar
e
bo
x
or
el
em
en
t
ty
pe
mo
de
ls
(4
-6
)
wh
ic
h
me
et
bo
un
da
ry
co
nd
it
io
ns
.
Sh
ar
in
g
th
is
le
ve
l
in
th
e
hi
er
ar
ch
y,
it
is
po
ss
ib
le
to
in
cl
ud
e
se
le
ct
iv
e
sy
st
em
s
or
pr
oc
es
s
mo
de
ls
su
ch
as
tr
op
hi
c
st
at
e
mo
de
ls
wh
ic
h
ar
e
ba
se
d
on
to
ta
l
ph
os
ph
or
us
lo
ad
in
gs
,
ch
lo
ro
ph
yl
l
a
(7
—9
)
an
d/
or
se
cc
hi
di
sc
(1
0)
,
an
d
di
ss
ol
ve
d
ox
yg
en
bu
dg
et
(1
1—
13
)
an
al
ys
is
(C
ha
pt
er
6.
1)
.
In
so
me
in
st
an
ce
s
th
es
e
se
le
ct
iv
e
sy
st
em
s
or
pr
oc
es
s
mo
de
ls
ma
y
be
th
e
hi
gh
es
t
le
ve
l
in
th
e
mo
de
l
pr
ed
ic
ti
on
s
pr
ov
id
ed
th
e
ma
jo
r
wa
te
r
qu
al
it
y
pr
ob
le
m
is
id
en
ti
fi
ed
.
Th
es
e
me
th
od
s
ar
e
pr
ob
le
m
sp
ec
if
ic
an
d
li
mi
te
d
as
a
ge
ne
ra
l
wa
te
r
ma
na
ge
me
nt
in
st
ru
me
nt
.
Th
e
ul
ti
ma
te
le
ve
l
in
pr
ed
ic
ti
on
is
th
e
so
lu
ti
on
of
th
e
de
te
rm
i—
ni
st
ic
eq
ua
ti
on
s
fo
r
wa
te
r
ch
em
is
tr
y
(1
4)
an
d
ph
yt
op
la
nk
to
n
(1
5,
16
).
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 Form
s of
pred
icti
ve m
odel
s at
all
leve
ls h
ave
been
empl
oyed
with
some
succ
ess
in e
stua
ries
and
lake
shor
e re
gion
s to
dete
rmin
e ma
ss
exch
ange
and
coul
d be
used
to e
stim
ate
the
near
shor
e—of
fsho
re e
xcha
nge
mech
anis
ms.
The
importance of estimating the exchange merits the trial application of many
more established procedures by scientists. The Saginaw Bay study is one of
the few studies where more than one method was applied and the results compared.
More details can be found in the Saginaw Bay section (Chapter 4.2, Volume II)
and also the Thunder Bay section of this volume (Chapter 4.2).
CONCLUSION
At present, with existing data, it is only possible to quantify the mass
exchanges for some particular coastal regions and these estimates are crude,
in the 25 to 50% accuracy range. Quantifying mass exchanges between the
nearshore and offshore regions requires detailed understanding of the complex
coastal processes and loading characteristics. Research is needed to provide
better determination of horizontal and vertical eddy diffusion coefficients
which are used in hydrodynamic models to obtain the details of the water
movements and thus estimate eXchange. The effect of waves in the nearshore,
both directly in sediment resuspension and indirectly in formation of longshore
currents, has yet to be quantified. Obviously, research into these processes
must continue and be directed at generating estimates of the exchange rates
for conservative and non—conservative substances, heat, and bacteria. At the
same time, research efforts should be undertaken to utilize existing water
quality data to determine mass exchanges. For example, it may be possible to
use long-term water quality data in a region to indicate the long—term mass
exchanges between the nearshore and offshore regions. The importance of this
research for the Upper Lakes, where general lake water quality is good but
localized water quality degradations are affecting water use, is obvious.
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